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Mathematics. — “Quadratic involutions among the vays of space.” 
By Prof. Jan DE Vries. 


(Communicated at the meeting of December 28, 1918). 


In a communication which is to be found in part Vol. XXIJI, 
p- 478 of these Proceedings 1 have dealt with an involution, the 
pairs of which consist of the transversals to quadruplets of straight 
lines belonging one to each of four given arbitrary plane penecils 
of rays. In the sequel I shall consider a few involutions related to 
the above mentioned. 


1. In tbe first place we assume two plane pencils of lines 
(A,a)=(a), (B,ß)=(b) and a quadrie regulus (c)’ 2.e. one set of 
generators of an hyperboloid T”. An arbitrary line Z meeis one ray 
a, one ray db and two rays c. If we conjugate to ? the second 
transversal ?’ of these four lines, a quadratic involution among the 
rays of space is thereby defined. 

If t deseribes a plane pencil, an involution is thereby determined 
in (c)’, the pairs of which correspond projectively to the rays of 
the peneils (a) and (b). 

Now consider the more general case where a quadratic involution 
in (c)’ is brought into a projeclive correspondence to the pencils (a) 
and (d) in an arbitrary way. The transversals t,?” of the quadru- 
plets of rays a,d,c,c’ will constitute a ruled surface, the order of 
which we shall determine by an investigation after the number of 
lines ? which rest on the line of intersection of the planes « and ß. 

On the line «ß the projective pencils (a), (d) determine two 
projective point-ranges. Through each of the two united points (coin- 
cidences) passes a line i{. The remaining rays Z which meet «aß, lie 
in « or in ß. 

On the intersection of T* and «a the points of transit of the pairs 
c,c’ constitute. an involution; the joins of the pairs of this involution 
form a peneil (GC, a), which is projective to the point-range cut out 
on a by the peneil (d) and therefore also projective to the line-peneil 
which projeets this point-range from (©. Since each of the two united- 
rays (coincidences), rests on four corresponding rays a, b,c,c’ there 
are in a (and in ß too) two rays of (f). Hence ihe ruled surface (t) 
ıs of degree six. 

The plane « intersects (?) still along an additional eurve a*, which 
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must needs have a double point at A, as an arbitrary ray a is met 
by. two transversals 4,’ only. Since the line AB outside A and B 
meets two lines 2‘) and therefore at A has two points in common 
with (9°, it is necessary that A, and B too, is a double point of the 
ruled surface. 5 

The curve «a* has six ie passing through A; hence (f) con- 
tains six united-rays (double rays) of the involution (ft, ®). 

The transversals of the pairs a,b form a quadratie line-complex ; 
for, in an arbitrary plane (a) and (b) determine two projective point- 
ranges and the joins of corresponding points envelop a conic. This 
complex has four rays in common with the second regulus (set of 
generators) (y)” of T*. Each of these four rays meets {wo corre- 
sponding rays a,b and at the same time the rays c,c’ conjugated 
thereto. Hence the ruled surface (f)’ has four lines in common with 
the hyperboloid T”. 


2. If t is caused to describe the penecil (7, r) the ruled surface 
()° breaks up into this peneil (£) and a ruled surface (t’). Thus the 
transformation (t, !') converts a pencil into a ruled surface of 
degree five. | 

Of the two united-points of the projective point-ranges on aß one 
now lies at aßr; through the other passes a ray !’. Thus in« (and 
in ß) there lie again two rays t’. The remainder of the intersection 
of (£’) and « is a nodal a® with double point at A. Each point of 
intersection of a’ and r is the transit of a ray t’ which coincides 
with its conjugated ray i. Hence the double rays of the involution 
(, !) form a cubie complex. 

A confirmation of this enunciation can be obtained as follows. 
With T? (t')’ has four rays y in common ($ 1) and in addition 
thereto a twisted curve y°. At a point of intersection, C, of y’ and 
tz a ray £ is intersected by the corresponding ray t’; hence C lies 
on a double ray {=t’ and the second line of (c)’ resting on this 
double ray meets r in a point (C’, which must lie also on y*. Thus 
the six points of transit of y* lie in pairs on three double rays 


belonging to (7, r). 


3. A ray t4 through A is intersected by a ray db and by two 
rays c,c’ of (c)’. Each ray t!’ which meets d,c and c’ intersects on 
a a certain ray a and is therefore conjugated to Z4; hence the ray 
ta is singular. 

1) Lying in the united-planes (coineidences) of the projeclive peneils of planes 


which project (a) and (b) from AB. 
pro) 73% 
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The tangent plane of the hyperboloid (b, c,c’) at A interseets @ 
along a line a which touches (d, c, c’). The transversals of the four 
rays a,b,c,c’ therefore coineide. Hence every ray ta is also to be 
regarded as a double ray; thus the cubic complex of double rays 
has principal points at A and B and, uccordingly, a and ß as 
principal planes. 

It follows from the above, that the sheaves of lines A and B and 
the planes a and ß consist of singular rays of.the involution (t, t). 

Together with A a ray d determines a pencil (£4) and thereby at 
the same time a quadratic involution 7” among the rays of the 
regulus (c)’. Now, let there be given in the plane 2 a peneil (/) with 
vertex L; then each point of 8% determines, by means of /?’, an 
involution /? on the conie (1,2). Through Z therefore passes a ray 
! joining the points of transit of two raysc,c’, which in combination 
with d determine a transversal Z4. If this ray / is conjugated to the 
ray /’, which meets 5, a projectivity is established in (/). Each of the 
two united-rays is then a ray ?’ which is conjugated to a ray ta. 
It follows from this that the reguli (?)’ which are conjugated to 
the singular rays ta, constitute a quadratic line-complex. 

Three other quadratie complexes ff’ correspond to the sheaf of 
lines [tz] and to the plane systems of rays [t.] and [2,]. 

The peneil (7, r) contains two rays of each of these complexes; 
accordingly A, B,«, and ß each carıy two rays !’ of the ruled 
surface (£’)' into which (?) is transformed by the involution (f, ?). 
Thus it appears again that (t’) has A and B as double points, 
a and ß as double tangent planes. 

The ray AB meets two definite rays c,c’, but all rays a and b. 
To {= AB therefore are conjugated all the rays of the bilinear 
congruence which has c and c’ as directrices'!). Similarly = aß is 
conjugated to @* rays !’. Thus the involution (£, t’) has two principal 
rays, AB and aß. 


“ 


4. The lines of the regulus (y)’ too are principal rays, for a line 
y meets two definite rays a and d, but all rays c; each transversal, 
', of a and d rests on ıwo rays c and is therefore conjugated to 
>77: 

The involution (4,2) has still other singwlar rays. If the point of 
intersection, 5, of two rays a and c lies in the plane o passing 
through two rays 5 and c’, then the peneil (S, 6) consists of rayss 


1) The congruence [f], conjugated to AB belongs to the intersection of the 
line-complexes which correspond to the sheaves [fa] and [2]. 
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each conjugated to all the other, hence of singular rays. Now a plane 
6 iS intersected at two points S by the conie «a, which T”? has in 
common with a; every plane tangent to I” therefore contains two 
peneils (s). ; 

In any arbitrary plane lie two points S, and therefore two rays 
s; through an arbitrary point pass two planes o and consequently 
four rays s. Since a second system of singular rays is obtained by 
interchanging a and 5 in the foregoing reasoning the pencils of 
singular rays form two congruences (4,2). 

The vertices of the peneils (s) lie on the conies «’ and ß*, their 
planes envelop the hyperboloid 7”. 


5. In order to obtain another involution among the rays of space, 
we consider two reguli (c)’ and (dj?, of the hyperboloids T” and A? 
respectively. Any two rays c,c’ determine in combination with any 
two rays d,d’ a pair of transversals (Z, 2’) constituting one pair of 
the involution which will here be considered. 

Now suppose that on T” an involution (c,c’) be given which in 
some way is projectively related to an involution (d, d’) assumed on A’. 

The transversals of the pairs d,d’ forın a linear line-complex, 
for, in a plane % the points of transit D, D’ of these pairs determine 
an involution on the transit (conic) of A*, so that the joins of the 
point-couples D, D’ form a pencil. This complex contains two lines 
! of the second regulus of I'*. There are therefore two transversals 
of pairs d,d’ which meet all the rays c. In addition to these two 
an arbitrary ray c meets the two transversals of the pairs in (c)? 
and (d)? which are determined by c. Hence the transversals Z, t’ of 
the pairs c,c’ and d,d’ form a ruled surface of degree four, 
denoted by (9)‘. 

Evidently (2)‘ contains also two rays of the second set of genera- 
tors, (0)? of A. 


6. Thus to the rays £ of a pencil (7, x) corresponds a ruled 
surface (t')’, which contains two lines y and two lines d. This 
surface meets the- intersection o* of T” and A?’ at 12 points, eight 
of which lie on the last mentioned four lines; the remaining four 
carry each one ray c and one ray d intersecting rat two points 
which are collinear with 7. 1 

This statement may be corroborated as follows. Through each 
point of g‘ pass a line c and a line d. Their points of transit, C 
and D, through r determine two point-ranges related by a 2,2- 
correspondence on the curves of transit y’ and d? of T” and a. 
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The lines TC and TD are therefore reciprocally conjugated in a 
correspondence (4,4). Of the 8 united-rays of this correspondence 
four pass through the points of intersection of 7’ and d’; the 
remaining four each meet a pair c,d the point of intersection of 
wlich lies on eo‘ and therefore carries a ray t’ conjugated to a ray t. 

In addition to the two lines y already mentioned the ruled sur- 
face (t’)* has a twisted quartie y* in common with 1”. This curve 
intersects x at four points, which are two and two collinear with 
T($ 2. It follows from tbis that the double rays of the involution 
(t, ) form a quadratic complex. 

The single direcetrix of (f’)’ lies in -t, the double one passes 
through 7". 


7. The rays of the reguli (y)’ and (0)* are evidently ($ 4) princi- 
pal rays of (t,t'). To each of these rays a bilinear line-congruence 
is conjugated having two lines c or-two lines d for directrices. As 
each line c acts as directrix to two congruences (1,1), there emanate 
two pencils (?’) from each of its points. The congruences (1,1) cor- 
responding to the prineipal rays therefore constitute two quadratic 
comple.es. 

In a similar way as in $ 4 we find a congruence of singular 
rays. Of the intersection o* of the byperboloids I” and A? each 
point is the vertex of a peneil (S, 0) consisting of rays s which are 
each conjugated to all the others, hence singular. For, in fact, the 
‚ plane o through the lines y and Ö, which are concurrent at SS, 
intersects o* still in the additional points C of y, D oof ö and E. 
Evidently CE belongs to (c)’, DE to (d)’. Each ray of (S,0) meets 
two rays c’,d' at S and intersects the lines c=(E and d= DE, 
therefore (S,0) consists of reeiprocally conjugated rays s of the 
involution (f, ?). 

Since the vertices of the pencils S lie on g* and the planes o 
envelop a developable of the fourth class, the pencils of singular 
rays form a congruence (4,4). 


8. Any three rays c of a cubie regulus (c)? determine in combi- 
nation with each ray a of a peneil (A,e) two transversals, which 
form a pair of an involution of rays in space. 

By the rays of a pencil (t) the rays of (c)? are ordered in an I, 
the sets of which are projectively correlated to the raysa. To begin 
with we again suppose that this correspondence is established in an 
arbitrary manner; then the transversals t,t’ of the quadruplets of 
rays constitute a ruled surface which will here be investigated. 
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On the nodal curve y?, along which the ruled eubie T* is inter- 
sected by the plane «, the triplets of rays c determine an /°. The 
conics joining two sets of this /° with the double point D and 
another point B of y’ have in addition to these points two points 
B', B" in common, not lying on y?. The sets of the J? are therefore 
cut out on y? by the system of conies with basal points D, B,B', BD". 
Only the pair of lines DB, B'B" furnishes a set consisting of three 
collinear points. It appears from this that the plane « contains one 
line of the ruled surface (f), for the line {= B' B" does not rest on 
the three rays c of a triplet only, but also on the ray a conjugated 
thereto. 

Through A passes similarly one ray of (f). Since a is still inter- 
sected by two additional transversals £,t', ihe ruled surface (t) isof 
the fourth degree. - 

The remaining eurve a’ which (t)‘ has in common with «a, sends 
four tangents through A. Hence (f)* contains four double rays of 
the involution (Z, t'). 

If ? is caused to describe a pencil (7, r) then (f)‘ breaks up into 
() and a cubic regulus (?’)’. Now again « contains one of the rays 
t'; the points of transit of the remaining. lines 2’ constitute a conie 
a”, which passes through A and intersects z on the double rays 
which belong to the pencil. Hence the double rays of the involution 
(t, !) form a quadratic complew. 


9. Let a, be the particular ray of (A,«) which is interseeted by 
the single directrix e of (c)’. Every line 7’ which rests on a,, is in 
(£, t!) conjugated to e. To the line {==e therefore correspond all the 
rays of a special linear complex. 

Similarly the double ray d of (c)’ is conjugated to all the rays 
of the special linear complex having the ray ag which rests on d 
for its axis. 

In this involution (t,t’) also the rays t4 through A are singular 
and each conjugated to the rays of a regulus having three lines c 
for its direetrices and containing the lines d and e. 

Similarly the rays Z,, Iying in the plane a, are singular too and 
each correlated to the rays of a regulus which contains d and e. 

Now consider the system of the hyperboloids (7), which are each 
determined by three lines c. The specimens which pass through a 
given point P arrange the lines c into the sets of a cubic involution 
of the second order. The involutions /*, which thus belong to the 
points P, P’, P", have one set in common; the hyperboloids 7 
therefore form a complex (triply infinite system). The hyperboloids 
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corresponding to the rays i4 and therefore passing through A then 
constitute a net (twofold infinite system) all the specimens where- 
of have the lines d,e and the transversal {, through A of d and e 
in common. Through a point P therefore passes a single infinity of 
hyperboloids and these still have the transversal through Pofd 
and e in common. Hence the lines {’ through P which are conjugated 
to the rays of the sheaf [A] form a pencil in the plane (Pt). 


10. There are still other singular rays. Each plane & through e 
contains two lines c. In & lies a pencil of rays t, which has the 
point of intersection EZ of e and a. for its vertex; these rays are 
singular, since they rest at E on a third line c and are therefore 
all conjugated to each other. 

The sheaf [E] is iherefore composed of » pencils of singular rays. 

The plane d passing through d and aa contains a linec,; through 
each point D of d pass two lines c, hence o! lines Z, which rest 
at the same time on c, and aa. It follows from this that the plane 
of rays |d] is composed of &®" pencils of singular rays. These have 
their vertices on the line d. 


11. Lastly we consider a ruled surface T* with a double curve 
g*. The linear complex which can be laid through five generators 
c of T“ contains all the lines c. The four rays c which rest on a 
line ? meet besides the line 2’, which by the complex is conjugated 
to t. The involution (£,{’) then consists of the pairs of conjugated 
directrices of a linear complex; its double rays are the rays of this 
complex. 

Another well-known involution (t, ?’) is originated by the pairs of 
reciprocal polar lines of a hyperboloid. Its double rays are the two 
sets of generators of the hyperboloid. 


Mathematics. — “A Congruence of Conics”. By Prof. Jan ou 
VRIES. 


(Communicated at the meeting of January 31, 1920). 


1. We shall suppose, that a trilinear correspondence !) exists 
between the ranges of points (A,), (A,), (A,) Iying on the crossing 
straight lines a,, a,, a,. Through each triplet of corresponding points 
.A,, A, A, let a conic A? be passed which intersects the fixed conie 
P? twice. The congruence [A?], arising in this way, will be examined 
more closely; it passes into a congruence of circles, if 8? becomes 
the imaginary eircle at infinity. 


2. Paırs or Lines. In four different ways A? can degenerate into 
a pair of straight lines. 

1. One of the lines, g, rests on a,, a,, a, the other, A, lies in 
the plane ß of P°. 

If we keep the point A, fixed, A, and A, describe projective 
ranges, so that 9,=4,4, describes a quadratic scroll. There are 
therefore two lines g,, resting on a,; the two supporting points A’, 
will be associated to A,. Each point A’, belongs to one point A, ; for 
the transversal through 4A’, ofa, and a, determines two points A,,4,, 
hence one point A,. Three times A, coineides with A',; there are 
therefore three lines g,,,, each containing a group A, A,,4,. Each 
line A,,, in ß, intersecting 9,,,, forms together with this line a pair 
of lines belonging to the congruence. To group 1 belong accordingly 
three systems, each consisting of a fixed straight line and a ray of 
a plane pencil. 

2. Öne of the lines, g,,, rests on a, and a,, the other lies in ß. 

To the intersection A,* of a, with ß a scroll (g,,*) is associated, 
which interseets ß in a conic y,,-. Each ray of the plane pencil 
(A,*, ß) intersects on y,,’ two lines g,,, and forms with each of them 
a pair of lines. Group 2 contains therefore three systems, each con- 
sisting of a ray of a plane penecil and a straight line of a quadratic 
‚seroll. 

3. Let us denote the point of a, associated to A,*, A,*, by 4,**. 
Each line through 4A,** resting on A,* A,*, forms with the latter a 


ı) R. Sturm, Die Lehre von den geometrischen Verwandtschaften, I, 320. 
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pair of lines. Also here we find three systems, each consisting of a 
fixed line and a ray of a plane pencil. 

4. The line g rests on a,, a, and ß*; the line A cuts a, and P®. 
Through the point B of ß? passes one transversal 9, = 4, 4A,; the 
corresponding point A, determines the plane of A? and in this way 
the point B’ of &; l,=A, B’ forms with g,, the pair oflines. We 
find therefore three systems of pairs of lines in group 4. 

Let us consider the correspondence (B,B’). Any ray Ah, of the 
plane peneil (3’A,) is cut by two rays g,, of the seroll corresponding 
to A,; the transversal through B’ of a, and a, is associated to a 
definite point of a,, and intersects the corresponding ray Ah, in B’. 
Hence the ruled surface of the pairs of lines g,, which we have 
associated {0 the rays A,, intersects the plane (B’a,) along a cubie 
passing through 3’. But in this plane lies a line g,, connecting the 
points A,,A, in (B’a,). The ruled surface (g,,) is therefore of order 
four; it interseets 8° besides in 3’ in seven points B, which in the 
correspondence in question are associated to B’. Each of the eight 
eoineidences is the double point D, of a pair of lines; the locus 
of D, is for this reason a twisted eurve of order eight, d,°. 

The lines g,, form a ruled surface of order four with nodal lines 
A,,a, and directrix 8°. To each point A, are associated four points 
D,, while to a point D, there corresponds one point A,. From this 
follows, that the order of the ruled surface (A,) with director lines 
a, and d,°, is twelve. 


3. ORDER AND CLass. With a view to defining the order of the 
congruence, we consider the conics 4” through a point P in ß. To 
them belong in the first place the three pairs of lines of group 1, 
each formed by one of the lines g,,, together with the line through 
P and the point (g,.,, ß). Further the six pairs of lines of group 2, 
defined by the three rays PAx . As each of these three rays belongs 
to two pairs, we come to the eonelusion, that the order of [4°] 
is nine. 

A plane through an arbitrary line % intersects a, and a, in the 
points A,,A, and a, in a point A’, which we associate to the 
point A, corresponding to A,,A,. Of the scroll (y,,) defined by A,, 
two lines rest on &; hence two points A’, are associated to A,. As 
A', coineides three times with A,, three planes A,A,4, pass through 
k, which is consequently a chord of three conies 2°. The elass of 
[2°] is therefore ihree. 


4. SINGULAR CHORDS. According to a well known property of the 
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trilinear correspondence there are two neutral pairs A,", A,”, which 
form a group with any point A,. The line A,”4A,” is therefore a 
singular chord. 

One of the conies A? consists of this chord and the line in ß 
resting on it and on a,. From this follows, that the locus of the 
)* which pass through A," and A,", is a cubic dimonoid, containing q,. 

The conical points of the six dimonoids can be indicated by 
A,r,"A,, A", rA,,A,",rA,; in this order the six neutral chords are 
each time defined by two successive symbols. They form a hexagon, 
inscribed in a, q,, a,. \ 

To the singular chords belong apparently also the three lines 
91, and the three lines Ar* A,* in B. 

Also the three lines a, are singular. For each plane through a, 
eontains the conic determined by the intersections with a, and a,. 
Let us consider the intersecetion of the surface W,, formed by these 
conics, with the plane 8. To this belongs the conic ?; the rest 
consists of straight lines. On a, rest two lines g,,; their intersections 
with ß8 determine together with the point A,* two straight lines 
belonging to X.. 

The line A,* A,* is cut by a line A, A, of the scroll correspond- 
ing to A,*; it lies) therefore on 4,, as well as the line A,* A,*. 
Each of the three lines g,,, forms a pair of lines with a straight 
line in 8 through 4A,*. The intersection of %, witlı 8 is therefore 
of order nine. 

The locus of the conies A? which interseet a, twice, is accordingly 
a surface W\,’° with a sevenfold line a,, containing the lines a,, a, 
and the conie P?. 


5. SınauULar PoInts. All points Ar of the lines ar, are singular. 
A straight line k through a point A, is intersected by two lines 
Gy, iS therefore a chord of two 4° passing through A,. The planes of 
the 4° through A, envelop consequently a quadratie cone; from this 
follows, that through any point of ß? two of these A* pass. Hence 
the locus of the A? through A, is a surface (A,)* with double eurve 
ß? and conical point A,. | 

Also the points B of ß° are singular. Through two points B>B: 
pass three 2”; hence #* counts three times in the locus ® of the 2° 
through B. Moreover ß and ® have in common the three lines 
through B meeting the lines 9... and the lines joining B and the 
points Az*, which have to be eounted twice. We conclude from this, 
that B is a surface of order fifteen with threefold curve ß° and 
three nodal lines ax; the point B is twelvefold. 
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6. SuRFACR OF THE CONICS RESTING ON A GIVEN LINK l. Let us 
consider the interseetion of this surface with the plane 8. To this 
ß* belongs ifteen times. Further three rays A,,, which intersect l 
and each of which forms with one of the straight lines g,,, & 2°. 
Also the three lines joining the points Az* with the point (2,8) and 
each belonging to two pairs of lines. Then the two rays of the 
plane penecil (A,*, ß), each forming a 4° with a straight line A, An 
restiing on /; in all six rays. Finally the three lines A7*4A,*, each 
of which belongs to a A” of which the second component is the 
ray through A,„** interseeting /. The complete intersection is there- 
fore of order 48. 

The surface in question is accordingly a A4*° witb fourfold lines 
4,,4,, Ay, fifteenfold curve $? and three double conies 2?; these are 
the conies which have / for a chord and therefore intersect it twice. 

Besides the lines mentioned Ilying in the plane 8, A contains the 
three lines g,,, two lines g,,, two lines g,, and two lines g,,, all 
cerossing the line /; further two lines g,,, two lines g,, and two 
lines g,,, intersecting /; then three lines resting on /, successively 
directed to the three points A;**; finally 3 X 16 pairs of lines, the 
components of which each contain one point of P?; in 3x4 of 
them the line 9x, and in 3x 12 the line A rests on !. 


Mathematics. — “On a Quartic Curve of Genus Two in which an 
Infinity of Configurations of Dusarsuns can be Inscribed.” 
By Prof. W. van per Woupe.-(Communicated by Prof. J. C. 
Kıvuyver). 


(Communicated at the meeting of January 25, 1919). 


In an article entitled “The quartic Curve and its Inscribed Con- 
Jigurations” H. BaTeman!) comes to the conclusion that there exist 
quartic curves of genus two in which an infinity of configurations 
(10,, 10,) of Desarsuzs can be inscribed. BATEMAn makes only 
 mention of the existence of these curves without entering more 
deeply into their properties. 

Starting from considerations quite different from those of BaTEMmANn, 
I wish to indicate in this paper, what condition is sufficient for a 
uninodal quartie curve y, being ceircumscribed to an infinity of these 
configurations. It will appear that each point of y, is part of one 
of these configurations, and that we can construct each of them 
from one of its points if we consider y, as being given. I shall first 
mention a few known properties of an arbitrary uninodal quartic. 


1. Let for the present y, represent a quartic which has a double 
point in O and is for the rest arbitrary. We denote the tangents 
at O by x and y, their equations are »=0 and y=0; each of 
these two lines meets y, in one more point; the line joining these 
points is represented by z=0. 

We can then represent y, by: 
y,=zay(a® + may + y?’+ 2’) +2(a0’ +ba’ry+coay’ + dy)=0. () 

Out of O we can draw 6 tangents to y, if we do not count the 
two at O0; the points of contact are the intersections situated out 
of O, of y, with the first polar curve of 0, represented by 
n=2@y2 + am? + ba’y + cay’ + dy’ =. 

Hence 

y+trm=0 
indicates a peneil of quarties all of which possess a double point 
in © and touch x and y in that point; the other base points are 


1) American ‚Tournal of Mathematics (36). H. Bateman. The quartic curve and 
its inscribed. configurations. 
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the points of contact of the 6 tangents drawn out of O to y, and 
the 4 points of intersection of z with y.. 
If we now put 
r—=—|1, 
we choose out of the pencil a curve which has degenerated into 
the two lines x and y and a conie $ with the equation 
Br tmy+yY"—’—0. 

ß is called “the conie of BERTINT”. 

On the conie ß are situated the points of contact of the 6 tangents 
draum out of O to y, and the two points of intersection of Y, 
with 2. 

If we further draw through O an arbitrary line . 

y—lıa =, 
its points of intersection with y, are found from 
(ll +m+l) + +axela ++ +4 AN)—=0, 
those with ß from 
»(l+mM+)—- =, 
from which appears at once: 

Any line I through O intersects y, besides in O in 2 more points 
which are harmonically separated by the points of intersection of I 
with B. 


2. The curve in question is now obtained by putting in (I) the 
coefficient m equal to zero. The geometrical significance of this is 
the following: 

The curve y, considered is cut by the line 2 joining the two other 
points in which y, is intersected by üts tangents at the node, in two 
more points, harmonically separated by the former two. 

For convenience’ sake I shall speak in the future of the “harmo- 
nical uninodal curve y,”. 

Its equation is: 


y=ayla +y° +2) + 2(a + baty + eay’ + ay)—=0. (1) 
If we now put 
en, 
gy=(1+C)a’ + (1—-C)y’ + 2z [= (2a 2) +u(e-e | 


1-+C 1—C 
and 


da d 
Beer 
in which C is an arbitrary constant, we get: 


ıy=2yp+ll-Qart+l+OyB. ... 


vdayt 
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For this reason we can produce y, as the locus of the intersections 
of corresponding curves of 2 projective pencils of conics: 
Gwen 0... , (8) 
and (I-CO)) ++) —23y=0, .... (4) 
where the pencil=(4) consists of an involution of rays with O as 
centre. re 


3. We will now first give a geometrical interpretation of the 
way in which the projectivity between (3) and (4) has been fixed. 

By putting A=4, we choose an arbitrary conic from (3) inter- 
gecting z in the points A and 4’ defined by: 

(1+C)a’ + 2 2,.y + (l1—-C)y”’ —=0. 
We put moreover 
A+9)# + 220 +l—-O)y=(1l-C)(y+pe) (y+p'), 
so that 
1+C=(l-C)pp' and 2), = (1—-C)(p + p!). 
The points B and B’, harmonically separated from A and A’ by 
the points of intersection of z and ß are then respectively found 
from : ' 
e —- y—=lV 
and a —py=0 
Hence the pair of rays which project the points B and BD’ out 
of OÖ, have for equation: 
@— py)@ -pPy)—) 
or 
(1—C) 2? + (1+0)y’ — 2A,ay—=0. 

For this reason the projeetivity between (3) and (4) is fixed in this 
way: a pair of corresponding comics of (3) and (4) always intersect 
z in pairs of points (A, A’) and (B, B’) so that A and B and also 
A’ and B’ are harmonically separated by B. 


4. Concerning the pencil (3) we remark that both p and w are 
harmonically eireumseribed to 8, i.e. eircumseribed to an infinity of 
polar triangles of 8, as appears directly from this that one of the 
simultaneous invariants, — generally called © —, formed out uf the 
coefficients of 3 and p (or y), becomes zero. 

From this follows: 

1. each conie of (3) is harmonically eircumseribed to ß; 

2. the base points of the pencil (3) form a polar quadrangle of ß, 
i.e. a quadrangle of which each side passes through the pole of the 
opposite side with regard to ß. 
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We call the base points of (8) Si, Ss San Su, the join of 
S,, and S,, is called s;,, that of S, and 5, besı.. To the peneil (3) 
belongs a conic which has degenerated into (s1,, s,,); Jet z beinter- 
sected by the first of these lines in A,,, by the second in A,,; the 
point of z harmonically separated from A,, by ß, is B..; also A,, 
and B,, are harmonically separated by ß. The conie (pair of lines) 
of (4) corresponding to this degenerate conie of (8), is therefore 
formed by OB,, and OB,,. Let the intersection of OB,, with s,, 
be called S,, that with s,, be 7',; S,, and 7,, are points of y,. 

Now O is the pole of z with regard to $; OB,, is therefore the 
polar line of A,,; for this reason the pole of s,, lies on OB... 
We knew already that the latter point also lies on s,,; hence S,, is 
the pole of s,, with regard to ß. In this way we find that tlıe pole 
of each side of the quadrangle S,, S,,; S,, S,, lies on y,. Now the 
four corners of a polar quadrangle form with the six poles of the 
sides a configuration (10,, 10,) of Desarsuzs; hence all the corners 
of this configuration lie on Y,. 

It is noteworthy that the points S;;, S;r, Szi always lie on a line 
Sim of which S is the pole. Each of these lines has a fourth point 
of intersection with y,; if we choose e.g. s,,, it cuts y, besides in 
Sy Su Ss, In one more point 7',, which also lies on OS... 

By giving to the equation of y, the form 

z2yp+i@-0)e +19) =0ı. 256) 
we have been able to show that in it a Of. (10,,10,) of Desarsurs 
is inscribed. 

But the equation (5) also contains the entirely arbitrary constant 
U; by varying. this we shall find an infinity of peneils (3) and (4) 
and an infinity of configurations. Hence: 

In x an infinity of configurations (10,,10,) of Desarsvus can be 
inscribed; each configuration is self-polar with regard to 2. 


5. In (5) and ı are functions of a,y,2 and (©. Let Pa‘, y', z') 
be an arbitrary point of y,, so that 
Yale), 
Let us then determine (), so that 
Rule el: 
We can find two values of C satisfying this condition; then also 
according to (5) | 
Dich, Den | 
‚If we therefore consider C as a variable parameter, each point of 
y is twice a base point of a pencil (3). On the other hand it is 
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clear from what precedes that every point e.g. S,,, can only be 
part of one configuration, which we can easily construct, starting 
from that point. 

With a view to this we join S,, ©; the intersection of this 
line with y, is 7,,; we draw s,,, the polar line of S,, with regard 
to ß, which euts y, besides in 7’, in S,, S,, and S,,; the polar 
lines of these 3 points cut y, in the 6 other points of the configu- 
ration and 7/,,, 7, 7,,. Yet each point, e.g. S,,, though belonging 
to only one configuration, is twice a base point of the pencil (3); 
for we can as well produce this pencil and also y by starting from 
a pencil (3) with the base points S,., I, 91, S,, as from one with 
the base points S,,, Sy, Sau Ss: 

Any pomt of a harmonical curve y, belongs to one configuration 
(10,,10,) of Desarceuns; if we consider y, as given we can easily 
construct these configurations from one of their points. 


Moreover it has appeared from the way in which we produced 
y, that: 

If a configuration (10,,10,) of Desarauns and a point O are 
given, we can produce a harmonical curve y, circumscribed 10 this 
configuration, with its node ın O, while the conic of Bertinı connected 
to it coincides with the comic relative to which the configuration vs 


self-conjugated. 


43 
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Mathematics. — “On the quasi-uniform convergence”. By Prof. 
J. Wourr. (Communicated by Prof. L. E. J. BROUWER). 


(Communicated at the meeting of February 22, 1919). 


® 


We consider within an interval a<x<b a convergent series of 
eontinuous functions fa) = f@) + fı@) + - - - - 

As Arzera has shewn a necessary and sufficient condition that 
/(&) should be continuous is the “quasi-uniform convergence” of the 
series‘). This serves to express that, if two positive numbers sand N 
are assumed, & as small as we please and N as large as we like, 
there exists a number N'’> _N such that for each x of the interval 
a number n, of terms of the series can be determined between 
N and N', the sum of which, Sn @), differs less than e from f(«). 


This theorem constitutes, it is true, a complete solution of the 
problem: to replace the ordinary uniform convergence by another 
condition which is not only suffieient, but also necessary for the 
eontinuity of f(x). However the quasi-uniform convergence can again 
be replaced by a wider condition by which a slight extension of 
ArzeLa’s theorem is obtained. We shall namely prove the following 
theorem:: 

1. If the series ıs quasi-umiformly convergent at the points of a 
set E which is everywhere dense within the interval a<x<b, then 
f(&) ıs continuous throughout this interval. 

According to this supposition there exists for every & and every 
N a number N'> N such that for every x of E an index n.can 
be determined (N <n,»<“ N) such that Fa @| <e 

Now choose an arbitrary point x of the interval. In consequence 
of the convergence of the series a number N can be found such 
that, & denoting an arbitrary positive number: 

YO)—- He) <te for Zn ae 

For every n between N and the number N’ conjugated tote, N, 
we can now in consequence of the continuity of S,(x) determine 


I) Mem. R. Acc. Bologna 1899. 
BoREL, Legons sur les Fonctions de variables reelles. 
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an interval («—d, + d) such that for every point & within it the 
inequality 

BUT el (2) 
holds good. Since the number of these indices n is finite, an interval 
] exists, with centre x such that for any & within / the relation (2) 
is satisfied by any n between N and N’. Thus, if & is a point of 
E Iying within /,and if for n is chosen the index nz corresponding 
to &, in the first place the relations (1) and (2) are satisfied and 
besides 


It follows from (1), (2), and (3) that 
W)-FO|I<e 


Hence we have /(a)=lim f(£), where & coincides successively 
ZEN 


with all the points of the everywhere dense set Z. If #' is a point 
of / not belonging to #, then 


Fa —-/@)| im FW -FO|<e 
Be 


Hereby the continuity of f(x) is established. 


2. In connection with Arzena’s theorem it appears thus that the 
quasi-uniform convergence at the points of a set #& everywhere 
dense within «<x<b5 involves quasi-uniform convergence throughout. 


the whole interval. 
J 


3. From the fore-going it may be easily coneluded that the 
quasi-uniform convergence in ArzeLa’s theorem can be replaced by 
the following criterion: “for every &, N there exists an N’ > _N 
and a set of points B(e, N), belonging to the first category of 
Baıkk, such that for every « of the interval not belonging to B (&,N) 
an index nz (N <n,< N') can be determined which satisfies 
No)— SW | <e”. 

In order to establish this we take provisorily a fixed number N 
and a decreasing series of positive numbers 8,8, 8,.... having 
zero for limit. Let N’, N) and B (ex, N) correspond to & with 
the above-mentioned meaning. Since D (ex, N) consists of a countable 
set of nowhere dense sets of points, this is also the case with 
theset B(&, N) + B(e,, N) + ....—= B(N), so that B (N) also belongs 
to the first category of Baıre. Now choose an increasing sequence 


of numbers N,N,.... tending to infinity and put B(&,, N) 4 
43* 
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4 Be, N)-+...=B(N,, then the set B(N,)+B(N,) 4..—=B 
also belongs to this category, so that the complementary sel C(B) 
is everywhere dense. Now give &, N arbitrarily. Let e>exr and 
N< N. All the points of C'(B) lie outside D (er, N;), so that for 
every point of C'(B) between N; and N’ (ex, N;) an index n, can 
be determined satisfying 
Van, @| <r<e 

Hereby the proof is completed, since ('(B) is everywhere dense, 

so that the theorem of $ 1 applies here. 


4. We also obtain a sufficient condition by substituting in the 
fore-going for B(e N): a nullset. For, a set which consists of a 
conntable number of such sets is a null set, so that its complemen- 
tary set is everywhere dense and the fore-going reasoning applies 
again. It follows from this in particular that: a convergent series of 
continuous functions represents a continuous function if the conver- 
gence is “almost everywhere” quasi-uniform. 


Il. 


5. In $ 1 use has been made of the convergence of the series at 
the arbitrarily assumed point x, also in the case where ® did not 
belong to the dense set E. The question may be put if it is necessary 
to suppose the series convergent throughout the whole interval. 

If a series of functions which are continuous throughout the 
interval a << bh converges untiformly at the points of a set EZ 
which is everywhere dense within this interval, then this involves 
the uniform convergence of the series througbout the whole interval. 
By analogy we are led to the following question: If the terms of 
a series are continuous functions, of x in the intervala<x<D, and 
if, besides, the series is quasi-uniformly convergent at the points of 
a set # which is everywhere dense within the said interval, is it 
then allowed to conelude to the convergence of the series throughout 
the whole interval and thereby to the continuity of the funetion 
represented by the series and thus to the quasi-uniformity of the 
convergence within a<a<b? 

The answer is negative. In order to show this we consider the 
following series : 

Ile) = m ge ar an -,.,.. 

This series converges quasi-uniformly to zero witbin the open 
interval O< 0<{1, which constitutes an everywhere dense set within 
the closed interval O<2<1. The convergence is quasi-uniform, since 
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the sum of an even number of terms is always. zero. Port 
however the series is not convergent. 


6. In this example (x) converges for 2—1 to a limit /1—0) —0. 
That this need not be tlie consequence of the quasi-uniform con- 
vergence within the interval O<&@<{1 is demonstrated by the 
following example: 

Let y=f(&) be represented by the zig-zag-line A,B,A,B,.. 


where A, 4A,, A,,... are the points with @—=1,%,+,...and vl) 
B,B,B,:.. the points with —=43,8,5,... and y=1. Now 
choose on the axis of y a countable set of points P,P,Py,:..» 


everywhere dense in the interval (0,1). Jet the function y = S,(«) 
be represented by the following line: from the right to the left first 
the zig-zag A,B,A,B,....AnB,, then the segment of B,A,tı to 
the point of interseetion, C,, with the line yzyYp» last the line 


CG„P.. Evidently S,() is continuous in the interval O<x<1. Also 
lim S,(&) = f(«) for O<x<1, since from a certain value of non- 
n—>o 


wards S,(2) coineides with /(«) for a thus situated point. Hence the 
series S,(2) + IS, 8,2) + -.. + IS (a) -ıla)) +. . - converges 
in the interval O<x<1 to f(x) and all the terms are continuous 
within O<x<1. This convergence is quasi-uniform. 

In order to make this clear we choose e and N arbitrarily. Since 
the set (P;) is everywhere dense within (0,1), we can now choose 
& finite number of points PP». Pr, between O and 1 of which 
the indices are > N and which divide the interval into k-+1 
segments all <’s. Now, let x be an arbitrary value between O and 1. 

If /(«) eoineides with one of the k values ‚S.(@), then 


Ya-,@|=0<e 
If /(&) does not coineide with any of these values, then 
Sn, (0) = NE EIERN 
Sinee O< f(x) <1 one of the %k indices satisfies 
| ya) reg Sn; (®) | = €. 
Hereby the quasi-uniform character of the convergence in the 


interval O<x@<1 is established. At 0, however, f(x) does not 
assume a limiting value, but oscillates between O and 1. 


111. 


7. Let f,(@), f(®). ... be functions which are continuous within 
the interval a<xz<b and let the series 
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be quasi-uniformly convergent in the interval ab: 

f(«) is then continuous in the latter open interval. Let M and m 
denote the maximum and minimum of /(a) at a and let „u be an 
arbitrary number of the interval m <u< M. A set of points x, %,, 


krrccn... ean be constructed where lim x, = a and lım f(®,)=u. 
: f vo >» 


From a limited number of indices it is possible to choose one for 
each point of this set such that |S,,()—/(#)| <&,, where e, isan 
arbitrary positive number. There are therefore an infinite number 
of points @, where one and the same index can be used, which we 
call n,. If @, tends to a, then ‚S,„(x,) tends to S,„(a) and /(m,) to u; 
bence |Sn(a)—ul<&. Let &,8,,... be a decreasing sequence of 
positive numbers having zero for limit. It is again possible to choose 
from a finite number of indices for every a, an index n, >n, such 
that |Sn,)—/(@)| < &,, hence there exists an index n, satisfying 


IS, d—u) = Eur 
Thus pursuing we find that there is a partial sequence of functions 
Sn,(&), Sn,(%), ... which at a converges to the value u and fora<x<b 


to /(z). Hence: 

If the series £ + f,@) +... consists of terms which are 
continuous within a<x<b and converges quasi-uniformly to f(x) 
n a<x<b, and ıf u ıs an arbitrary value Iying between the 
masxımum and the minimum of f(x) at a, then the series can be 
transformed, by umiting the terms group-wise to one new term, into 
another series which converges ina<x<b, having u for its limit 
at a and f(x) at the other points. 

In the example of $5 we have M=m=0. The series («—.) + 


+ @—@°) +... i8 here a transformed series which converges every- 
where to zero. 

In the example of $6 M=1, m=0. Choose a set ee. 
having u as limit. The partial sequence S,(), Sn(2), - . . cConverges 
to f(x) for O<@<1 and to u at 0. 

That the quasi-uniformity of the convergence in the open interval 
is no superfluous condition is illustrated by the series 1—a + —e-+..,. 

FE i 
which for O<x<{1 represents id so that for @—=1 we have 

bs 
M=m=}. In no way however the terms of the series 1—1-+1 —1-+... 


can be united to groups in order that the transformed series should 
converge to }. 


8. The theorem of the preceding $ can be reversed as follows: 
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Let a sequence of functions be given, S, (x), S, Bl) 
continuous in a<x<b. Let the sequence converge in a<x<b 
io a function f(x) which is continuous in this interval, and let M 
denote the maximum of f(x) at a, m the minimum. Now, if it is 
possible to conjugate to every: number k between m and M a partial 
sequence of the.given sequence which at a converges to k, then the 
convergence of the given sequence is quasi-uniform in a<x<b. 

In order to prove this we give 8 N and on the line 2=a we 
choose the points P,,P,,... P, such that 

EEE PE DEN IREPEN SOMMER, 
and at the same time 
a BR a ee 

It follows from the supposition that an index m > N exists for 
which Sn; (@) lies between P;, and Pi. Thus we find » indices. 
Since the functions S,(2), In(&) - - - - Sn 


number d, can be found such that for «—a << d,, S,.(x) lies between 


0 


„_@) are continuous at a,a 


P; and Pr, where :=0,1,....v—1. Also a number d, can be 
found such that for z—a<{d, f(a) lies between P, and P,, for, 
M and m are the maximum and the minimum of f(«) at a. Let 
d<d, and d<d,. For v—a<{d, f(x) belongs to one of the intervals 
P: P;pı. Hence it is possible for every x of the intervla<@e<<a+d 
to choose from the » obtained indices an index n,„ such that 
a, |< e- 

In the same way it is possible to make for atöd<a<sba 
similar choice from a finite number of indices > N, since the given 
sequence in consequence of the continuity of f(x) converges quasi- 
uniformly in this interval. Hereby the theorem is established. 

It is evident that in this theorem the words “to every number k 
between M and N” may be replaced by: “to every number k of a 
set which is everywhere dense in the interval m, M”. 


Mathematics. — “Series of analytical functions”. By Prof. J. 
Worrr. (Communicated by Prof. L. E. J. Brouwer). 


(Communicated at the meeting of September 29, 1918). 


Osaoop’s theorem: “If the series f, +, +: ., all the terms 
whereof are analytical functions within a region T of the complex 
plane, is convergent at the points of a set (B) everywhere dense in 
T, and if besides, | ++ ::: + | <@ at every pomt of T 
(G being a constant), the series converges everywhere in T and there 
represents an analytical function’ ‘) has been again demonstrated 
by ARZELA?). 

Vırauı’) and Porter *) have extended the theorem by proving 
that it is suffieient if only the set (ß) of the points where the series 
converges has an internal point of 7’ for a limiting point. 

Of the thus extended theorem a simple demonstration shall be 
given in the sequel. 

1. To this end we suppose that the /; are analytical in 7’, that 
in 7 everywhere | S, |<“ @ for every n, @ being a constant, and 
that the series is convergent at the points 3,,ß,,...., having the 
internal point z, of 7 for limiting point, and we shall prove that 
the series converges uniformly in every region Iying with its boun- 
dary within 7”. 

Now deseribe a eirele (AR) with centre z, and radius AR, lying in 
T. Let 8; be a point of (6) inside a eircle (4 R) with centre z,, and 
let /(ß) denote the sum of the series at (ß), S.(ß}) the sum of n 
terms, then 


aL Sud a! Sl 
S(ßi) = ri t—ß; nd AR) = Ini tim | em 


(R) (R) 
If &. denotes another point of (8) inside (3 R), then 


|< Be, 


1) W. F. Oscoon. Functions defined by infinite series. Annals of Mathematics, 
Series 2, Vol. 3, Oct. 1901, p. 26. 


2) V. C. Arzera. Annals of Mathematics, Series 2, Vol. 5, 1904, p. 51. 


3) G. Vıraun. Sopra le serie di funzioni dnalitiche, Annali di Meta Serie 3a, 
tomo 10, 1904, p. 65. 


* M: B. rn Annals of Math. Series 2, Vol. 6, 1904—5, p. 45 andp. 190. 
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for every n, so that 


IFEI—FEN| < 8 


f k ’ 


whence it follows tlıat /(3;) tends to a limit /(z,) as ß; tends to z.. 
Let n denote an arbitrary positive number. For all suffieiently 
small values of |3;—z,| we then have: 


fe) fe <1. 


2@G 
Also | (3) — Sı (2,) | en IB: —z,| for every n, so that for all 


sufficiently small values of |3;—z,| the relation 


Se) <Z 


holds, where n is arbitrary. 
Now choose a ß; satisfying these two conditions, then from a 
certain n onwards we have: 


SE) <3- 


It follows thence that from this value of n onwards ‚we have 
continually: 


IE) <m 
from which we conclude to the convergence of the series at 2,. 
The sum there is f (z,). 
At the same time it has become evident that 


im FB) = fl) 


ı—%, 


2. Provisorily we consider n constant. Then for |.—2,| <<} R 
we have: 


En ) 


ER REN nt 
where lim w,(2) — 0. The function en is analytical inside 


(F 
(4 R), its absolute value being less than —-. If n now is made to 


R 
inerease infinitely, this function tends to a limiting value at the 
points 8; and therefore, according to $ 1, also at 2,. At z, it has 


Sn(2,)= + Yn(e), 


220 
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for every n the value Sn(z,). It follows thence that Sn (2.) tends to 
a limit f®Xz,). 


Similarly 
22, ' 
Sl2)—Sn(2,) — Te. S'n(2,) 
E a P,(2), 
Sl) = 2! GB: H Pu(2) | 

where lim &,(2) = 0. The first term of the right-hand side is analytical 

2? =% | 41G SS: ,) 
inside (47), its absolute value being less than ER since re 


the absolute value of the coefficient of (z—z,)* in the development 

© @ 
Sn(2) = Sulz) + ae is less than 75 As n increases infi- 
nitely this function tends to a limit at the points ßi and therefore 
at z, too, from which it follows that a limit 


Ems l2 1 le.) 


nzo& 
exists. 
Thus pursuing we find that for every & a limit 


lim Se.) = f®«,). 


exists. 


3. For an arbitrary z inside (4R) we have: 


(2— 


k 
S.(2) — Su(2,) Ar 2) S'(z,) Ar EFTIL Tr —— SZ.) 1 enes (1) 


! 


For a fixed value of z the terms of this series, if n inereases 
infinitely, tend to those of the series 


2 —z,)k 
Safe) + ee le) Hr Hehe 6) 


kl 
aß) 
k! —Rk 


which represents a function, analytical in (4R), since 


8,2.) G. i , 

z 4 = it follows that the series (1) converges uniformly, 
if the terms are considered as functions of the two independent 
variables z aud n, at the points of the set le—z,| S4R,n=1,2, 

It follows from this that S, converges uniformly to f inside (4R). 


From 


4. Instead of 3R as well AR could have been chosen, where A is 
an arbitrary positive number < 1. Hence S, converges uniformly 
to an analytical function in the interior of every eircle (R) lying 
wholly inside 7. Let z be an arbitrary point in 7, then z can be 
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enclosed within the last of a chain of eircles, all Iying within 7, 
the first being (R) with centre 2, and every eircle having its centre 
within the preceding one. Since the points where S, converges 
condense towards the second centre, S, converges uniformly throughout 
the second circle; similarly. within all the following, hence in any 
ceirele with centre z which lies in 7. Every region lying with its 
boundary within 7 can be covered by a jinite number of such 
eircles which involves the uniform convergence of 5, to an analytical 
funetion throughout r. 


5. Lastly we shall give a simple proof of Osaoop’s original theorem. 
According to $ 1, if S, is convergent at the points of the set (P) 
which is everywhere dense in 7’, it converges every where throughout 
T and the limiting function f is continuous in 7, whilst Ge 
Now draw a circle (R) with centre z,, Iying altogether in 7. If 
I2—z,| is again <} R, then 
» ar 


1 Sn(t)dt R Sn(t) ei dO : a 
N im [| =. im [| yE leere Pe 


ir t— 2 Do DB: 
(R) 


We now make use of the self-evident extension to complex 
“ functions of the following theorem of OscooD '): 

If a function. p,(#), continuous in the interval a<A<b for every 
n, converges to a function p(0) which is continuous throughout this 
interval, and if, besides, | pn(0) | < @ throughout the interval and 
for every n, @ being a constant, then 


2 b 
lim [ra dd = (100) dd. 
S„(t) ei 


If we-put (0) = ‚ then @„ is continous in O<d<2n, 


9 Ü efi 
a and va is continous in 0<@<2r. Hence 


z 


1 d 
er e 


2nmi t—z 
(R) 
Since f is continuous on (AR), it follows from this that f is 
analytical inside (3 R). 
The same lemma can be used to prove in a simple way that 
S, converges uniformly to f inside (3 Z). 


I) W. FE. Ossoon. On the non uniform convergence. Am. Journal of Math, 
1897. For an extension vide H. Leseseue, Legons sur Integration, p. 114. 
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For |.—2,| <}R viz. we have 
If) —Sul2)| S- fo Aue = HR: 


Here m = | fl) — so) is eontinuous in O<d9<2r and 2G; 


p is zero. Hence 
ar 


Im j Yo)—S.)| d0 — 0. 
Nn—X 

For all suffieiently large values of n therefore | f—S,| is less than 
a given number everywhere inside (4 R), that is to say, S, converges 
uniformly to / inside (3A). 

By virtue of the same leınma we have 


‚] (t)d dt 
lim s" (2) = — Ki lım i — Az /® f® 2), 


n—o DIE ns (t — er > at 
(R) 


whence it follows that the series may e differentiated termwise 
infinitely often. 

Let Ü be a regular curve in 7 then, eh by virtue of the 
above-mentioned lemma, we have 


F(e)dz = lim  f. Sn(z)dz. 
C I: 
Hence, if (/ is elosed and its points, as well as the points enclosed, 
are all internal points of 7, then 


fra —.0. 
@ 


From this also it may be coneluded, according to a theorem 
enunciated by Morkra '), that f is analytical throughout 7. 


!) Reale Istituto Lombardo di Sc. e letiere, Rendic., 2nd series, Vol. 19, 1886. 


Chemistry. — ‘On the Nitration-Produets of p-Dichlor-Benzene”. 
By Dr..A. J. pen Horvanper and Dr. F. E. van Havrrun. 
(Communicated by Prof. A. F. Houınman). 


(Communicated at the meeting of November 29, 1919). 


In 1868 Junerteisch ') nitrated p-dichlor-benzene by boiling it 
with a mixture of fuming nitrie acid and sulphurie acid for some 
hours. In this way he obtained a mixture of dinitro-p-dichlor-benzenes, 
about whose constitution opinions are still divided. Theoretically 
three isomers are possible, viz.: 


Cl Cl Cl 


NO, 
No, 180, ren N me 
DAL FRE 32 24 
6) 6 Gi 


JunGFLEISCH himself isolated two compounds out of it, which he 
denoted by « and ?, but of which he did not determine the structure. 
For the «-compound he gave 87° as melting-point, for the B-compound 
107°. There is formed much more of the former compound according 
to him than of the latter. Körner ?), and much later ULLMANN and 
Sake ’), proved that structure I applies to this chief product; the 
melting-point was, however, found at 105° by them. ENGELHARDT and 
LATSCHINOFF *) had also observed this higher melting-point, and could 
isolate the P-compound also from the reaction-product; hence they 
confirmed JungrLeisch’s results in the main. 

On the other hand Morgan and Norman °) assert that compound 
III is formed as chief product; HArTLEY and ÜoHen °), who repeated the 
former’s experiments, confirm this, and give as melting-point 105—106). 
Two year ago, Miss Epırn Nason ?) nitrated p-dichlor-benzene anew, and 
suceeeded in also isolating III from the reaction mixture in a yield 
of 45,6°/,, for which she, however, found the melting-point 81°. 


1) A. ch. (4), 15 259. 

0) J. 1875, 324. 

s, B. 44, 3730 (1912). 

% Z. 1870, 234. 

6) Soc. 81, 1378, 1382 (1902). 
6) Soc. 85, 868 (1904). 

7) Am. Soc. 40, 1602 (1918). 
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The structure proofs which these investigators bring forward for 
tbeir supposed isomer III, are, however, quite insuffieient. It, therefore, 
remained: 1st to deeide what isomer or what isomers arise by the 
side of I (about which there is no difference of opinion); 22340 
furnisb a conelusive structure proof for this isomer or these isomers. 

In the first place we have now found that all three isomers are 
formed, I as chief produet, II and II as bye-products. In this we 
have proceeded as follows: The erude reaction produet is perfused 
with an excess of 4 N-aleoholie ammonia, + mol. NH, to 1 mol. 
dichlor-dinitro-benzene. After some stirring most of it goes into 
solution. It is then left standing for-two days at the temperature 

NH, 


NO, NO 

Ra 
Cl 
chloraniline, melting-point 145°, which is for the greater part depo- 
sited in fine needles and almost pure‘). After filtration the aleoholie 
fitrate is_distilled; then a residue is left, which consists of the isomers 
II and III, but also contains a certain quantity of the above mentioned 
chlor-dinitraniline. This residue is washed with water to remove 
Am-nitrite, then dried, and dissolved in about % liter of benzene 
(wben 1 mol. of reaction product was started from). This solution 
is shaken out a few times with 20 ce. concentrated sulphuric acid, 
by which means the chlordinitraniline is removed. This is the case 
when the sulphurie acid gives no further colour. 

Then the benzene is distilled off, after which a residue remains, 
consisting chiefly of the compounds II and Ill, asean beshown by treating 
it again with alcoholie ammonia, 100 ee. 4 N. NH, to 50 gr. mix- 
ture. Then the liquid is digested (temp. in the flask 80--85°) for 
24 hours on a waterbath at a reflux condenser, and ammonia gas 
is led in a few times to compensate the loss. Then the liquid is 
neutralized, the greater part of the alcohol is distilled off, and the 
rest is poured into water. Through treatment of the reaction pro- 
duct with sulphuric acid, as given above, 2 nitro-3-6-dichloraniline 


of the room. Then I is econverted into 2 2-6-dinitro-4- 


6) 
ZNH, FIN 


| goes into solutionand 1-4-dichlor-2-5-dinitro 


Cl | Cl 


benzene remains behind. 


!) It contains still a certain quantity of-the isomer Il, from which it can be 
separated by sulphuric acid, see below. 
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After recrystallisation from alcohol the latter is pure and presents 
the melting-point of. 119°. 

The formation of 2-nitro-3-6-dichlor-aniline, melting-point 68°, the 
structure of which has been ascertained through a research of Brır.- 
STEIN and KurBAToW '), proves that in the erude reaction product 

Cl 
NO, 


the 1-4-dichlor-2-3-dinitrobenzene | Ino must be present. 
REN 


Cl 

Through prolonged fractionated crystallisation from alcohol this 
could actuaily be separated out of it. It is probably JungrLneisch’s 
isomer 3, and melts at 103°. The structure was proved by replacing 
the NH, group in 2-nitro-3-6-dichloraniline by NO, according to the 
method of KÖRNER and ÜoNTARDI ”). 

Hence only the structure formula Ill remains for the third isomer 
of the melting-point 119°. This was, however, proved more closely 
in the two following ways: 


Cl Cl Cl 
EEE S NH ac. RN NH ac. a5 NH, A NO, 
NO, NV, NO, 
ne m ag 


Cl 
2 NH, NH, NH ac. 
2 | © en 
NO, NO, 
a 
NH ac. Cl 
NO ns E 


(>) 
N/NO, NYNO, 
6 Öl 


in which the structure of the intermediate products was every time 
determined. 

When we try to separate the three components out of the crude 
nitration-product of JUNGFLEISCH, we succeed by means of very 
prolonged continued fractionated erystallisation from alcohol in 
obtaining the compounds I and II in pure state, but not III. We 
get at last a pretty considerable quantiiy of a cauliflowery 
mass, which is no longer liable to further separation by erystalli- 


1) A. 196, 221 (1879). 
2) Atti (5) 22 11, 632 (1913). 
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sation, and which — as appears from the treatment with alcoholie 
ammonia applied. to it as given above — consists chiefly of I, 
further of a little Il, and pretty much II. 

NH, Cl 


BF I & NH, 
From the obtained compounds Na nn and | the 
NO, 


N 
6 4 


corresponding dichlordinitro benzenes can be easily regained through 
diazotation. 

A full deseription of this investigation will shortly appear in the 
Recueil. 


November 1919. Org. chen. lab. of the Univ. of Amsterdam. 


Physiology. — “The Quantitative Relations of the Nervous System 
Determined by the‘ Mechanism of the Neurone.” By Prof. 
Eve. Duspoıs. 


(Communicated at the meeting of December 27, 1919). 


For animal species with the same organisation of the nervous 
system (homoneuric species) the quantity of the neurone varies in 
the same way, relative to the body quantity, as that of the brain '), 


i.e. proportional to P055 or P’%k. The establishment of this fact may 
certainly be considered as a confirmation of the validity of our 
present views of tlıe constitution of the nervous system, which, on 
solid grounds, was considered, also in its highest forms, as entirely 
consisting of series of structural elements, highly specialized cells, 
the neurones, which conduct processes of stimulation (impulsions) in 
definite directions, and preserve conditions of stimulation (impressions), 
directly or indireetly dependent on the sense organs and the muscles, 
and which are, accordingly, in mechanic dependence on the body. The 
‘other constituent parts of the nervous system were thought to be 
non-essential: they were supposed to serve only as a support and 
protection to the meurones. 

From the parallelism of the relation of the total quantity of the 
brain with that of the neurone, including the medullary sheath and 
the neurilemma, it also appears that the same significance must be 


1) We refer here to a ratio of two quantities expressed in ihe same unit with 
regard to a ratio of two other quantities which may be expressed in another unit, 
provided it be the same for these latter two. For two animal species whose body 
weights and brain weights are P and P,, and E and E,, and whose volumes of 
homologous neurones and their ganglion cells are N and N,, C and (,, the 
following equations may be put: 


PN* @& - N? N ni 5) B 
urn Ze gs well as. — 1 =. —, 
(er) E (>) N, PYmE 


Actually it appeared that: 


SE N. 
v=2r =r=0,55 or ’/, ‚and (2) =—. 
e 


The specific weight of the components of the nervous system (about equal to 
that of the body) lies, indeed, so little above 1 that, when the ratio ofthe volumes 
is taken, instead of that of the weights of these components to the body weight, 
the exponents are only reduced to 0.2754 and 0.5508 (instead of Fr 0.55). 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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attached to that intermediate substance of the essential elementary 
components of the brain as to the coverings of the neuraxone. That 
these could not be entirely inactive, had been understood long ago. 
Just as the propagation of the process of stimulation in the axone 
has nothing in common with the conduction of the electrie current 
through a wire, the comparison of the medullary sheath to the 
insulator of an eleetrie cable undoubtedly represents this living sub- 
stanee as being much more passive than it is in reality, though it 
is true that it does not directly take part in the propagation of the 
impulses. Nor could the simple function of giving support and pro- 
teetion to the neurones be assigned with conviction to the neuroglia. 
No more does the equality of the volume of the medullary sheath 
with that of the axone, which DonauLpson and Hoke') established 
for all classes of Vertebrates, fit in with the view that the former 
would only have the same significance as the insulating covering 
of the eonduetor in the cable. 

Taking this into consideration and in view of what physiological 
experiments have taught, the nervous system, hence the neurone, 
appears more and more in the light of a mechanism; though a 
stringent proof could not yet be furnished, chiefly because it is 
only in the last few years that a relation has been found between 
dimension and function of the nervous system. Thus doubt could 
still be entertained, chiefly as regards the organ of the brain, ofthe 
rational significance of the determined quantitative relations, which 
beyond any doubt point to the existence of a (as yet unknown) 
mechanical relation. 

For — thus the reasoning ran — part of the brain must as “the 
organ of the mind’ be as independent of the size of the body as 
the psychical processes tlıat are enacted there; is it then possible to 
assume that the body mechanically determines the total quantity of 
the brain ? 

But the psychical processes, certainly, are not independent of tlıe 
quantity of the brain and its parts. For Man is not only psychically 
superior to all the animals, he is also distinguished by the great- 
est true relative brain quantity, and by the extraordinary develop- 
ment, particularly of that part of the brain which performs the 
highest funetions. We also meet with great differences in the well- 
calculated relative brain. quantity (determined by the cephalisation 


\) H. H. Donarpson and G. H. Hoxe, On the Areas of the Axis Cylinder and 
Medullary Sheath as seen in Cross Sections of the Spinal Nerves of Vertebrates. 
Journal of Gomparative Neurology and Psychology. Vol. XV. Chicago 1905, p. 1—16. 
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of the nervous system) and in the relative development of the parts 
of the brain of higher and lower function between different animal 
Species, apparently in accordance with their psychical capacities. 
With equal body weight as the Chimpanzee, Man has indeed three 
and a half times the brain weight of this most human-like animal 
species; the Chimpanzee,- in its turn, has twice as much brain as 
would possess a Macaque, obtaining the same body weight, ten times 
as much brain as a Mouse or a Rat of the same body weight. 
Besides, the different Mammals differ very considerably with regard 
to the proportion of the more highly to the lower organized parts 
of ihe brain. It is beyond our power to estimate the amount of the 
psychical differences between the animal species, but these psychical 
differences are connected, so far as we can see, with the well- 
ealeulated relative brain quantity and the relative development of 
more highly organized parts of the brain. | 

Though, in view of those facts, we cannot reasonably assume the 
existence of essential, qualitative differences between the species, either 
in one or in the other respect, yet there is some difficulty in 
conceiving that even in case of the greatest quantitative differences, 
essentially equal “psychical powers”, only differing in degree, cor- 
respond to this qualitative similarity of the nervous system. They 
think tlat a certain quantity of the brain, though it cannot be 
anatomically separated from the rest, would be mechanically inde- 
pendent of the body, and specially set apart for the intellect. 

This view formulated in 1885 by Manouvarier '), though with a 
great deal of reservation and for want of something beiter, was 
refuted by Laricgur ’) in 1907. The latter demonstrated that an 
equal brain quantity © can, indeed, be calculated every time for 
two psychically equivalent species, but not for three or more. 
Between the Lion and the Puma the calculation of the “brain 
quantity for the psychical functions’ gives a value four times greater 
than between the Puma and the Cat. Yet these members of the 
Cat-tribe may be assumed to have quite the same organization of 
the brain. 

Il can now add a few more trios of other genera to these three 
species of my paper of 1897. 

In the Dog-tribe, the value of z found between the Wolf and the 


1) L. Manouvrıer, Sur l’interpretation de la quantit€ dans l’enc&phale. M&moires 
de la Societe d’Anthropologie de Paris. 1885. 2° Serie, Tome 3me, p. 316 et seq. 


®) L. Larıcque in Bulletins et M&moires de la Societe d’Anthropologie de Paris 


1908, (Seance du 2 Mai 1907), p. 256 et seq. nr 
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Jackal is three times that found between the Jackal and the Fennec. 
Likewise in Rodentia, the caleulation ofibetween the large Malayan 
Squirrel and the Common Squirrel gives double the value obtained 
by comparison of this European species with the small Hudson 
Squirrel; between the Brown and the Black Rat ? is found more 
than three times as much as between the Black Rat and the House 
Mouse '). 

Nor can such a quantity, which would only serve for psychical 
functions and be independent of the mechanism of the body, be 
reasonally assumed to exist in the human brain. The hypothesis 
under consideration, which  lacks anatomical or physiological foun- 
dation, must, therefore, be relinquished. 

This can be stringently proved from the mechanism of the neurone. 
If there is no room for a non-mechanically determined quantity in 
the neurone, then this cannot either be the case in the complex of 
neurones, the nervous system. 

The existence of fixed quantitative relations between the neurone 
and the body, and between the parts of the neurone inter se left 
hardly any room for doubt that these relations are determined 
mechanically; & closer consideration of them gives complete certainty 
on this head. 


)) Let i be the hypothetical brain quantity (the weight), set apart for the 
“intellect”, m a constant for the influence of the “masse organique’” (MAnoUvRIER) 
on the quantity (weight) of the brain, P and P, the body weights of two com- 
pared species, one of which is greater than the other, EZ and E, their brain 
weigths, then on the supposition, 


E=mP-+i and E,=mP, ti 


from which 
Er E-—E, 
— EN 
P(E— 
and i=E— - ( Zu 
Jr 


“In grams the weights of P and E are, for Canis lupus 37000 and 139, for 
Canis aureus 10000 and 73 (these two according to L. Larıcgue in Bulletin du 
Museum d’histoire naturelle. Paris 1912. N®. 1, p. 4), for Canis zerda 1500 and 
25 (according to B. Kart, in Sitzungsberichte der Gesellschaft naturforschender 
Freunde, Berlin 1918, p. 37), for Seiurus bicolor, Sciurus vulgaris, and Sciurus 
hudsonicus 1400 and 12, 323 and 6.1, 159 and 4.1, for Mus norvegicus, Mus rattus 
and Mus musculus 448 and 2.36, 200 and 1.59, 21 and 0.43 (according to my 
records in Zeitschrift für Morphologie und Anthropologie, 1914, p. 327, and my 
Paper in the Verhandelingen of this Academy of 1897), for Felis leo, Felis concolor 
and Felis domestica 119500 and 219, 44000 and 137.5, 3300 and 31 (according 
to records in the same Paper). 
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It has appeared in the first place that the volume of homologous, 
at the same time analogous ganglion cells (funetioning in the same 


way) varies proportional as the power 0,27 or 5/ıs of the body weight. 

As it further appears from the found equality of the relations of 
different kinds of neurones and'the brain, that the same mechanism 
must hold for all.the neurones, we can study it by means of the 
neurones with peripheral nerve fibers, which are most accessible to 
investigation. In animal species having the same form the length of 
homologous nerye fibers varies necessarily in direct ratio to the 
length of the body, i.e. to P%33 or Pk, in animal species of dissi- 
milar form the nerve lengths vary with a greater or smaller power of 
the body weight. In case of dissimilarity as wellas in case of similarity 
in form the volumes of homologous, at the same time analogous neurones 
are however, found varying in proportion to P%55 or Pk. Hence 
the cross section of the'nerve fiber must vary in inverse ratio to 
its length. As the nerve fiber constitutes by far the greater part of 
the volume of the neurone, the variation of the cross section may 
be put proportional as P%2? or P’%k for animal species having the 
same form, but different sizes. 

Man and the Mouse are not species of similar form; the Mouse 
has relatively much shorter limbs, nevertheless homologous neurones 
which function in the same way, such as the motor neurones for 
the finger muscles, can very well be compared, which appears from 
the careful measurements by Irvına Harpesty '). He found the nerve 
fiber of these neurones on an average 35 mm. long in full-grown 
mice, and the homologous nerve fiber of a man weighing 72 kg., 
i.e. 3600 times the weight of the mouse, 800 mm. long. These 
lengths are to each other as 22.86 :1, i.e. as the power 0.3821 of 
the body weights, whereas in case of conformity the proportion 
would be as the power 0.33 of the body weights or 15.32::1. The 
length of the nerve fiber of man ought then to be no more than 
536 mm. From Harpestyr’s measurements of the diameters of the 
axones, the nerve fiber of man appears, however, to be thinner in 
exactly the same ratio as it is longer. The area of the cross section 
varies proportionally as the power 0.1693 of the body weight, 
instead of as the power 0.22% in case of similarity. Thus it is found 
that the volumes of these dissimilar neurones are exactly in the 
ratio of the power 0.55 or 5/s of the body weights, and the square 


1) Irving Harpesty, Observations on the Medulla Spinalis of the Elephant with 
some Comparative Studies of the Intumescentia Cervicalis and the Neurones ofthe 
Columna Anterior. Journal of Comparative Neurology, Vol. XII 1902, p. 171—172. 
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of the volumes of the nerve cells, as would be the case when the 
neurones were similar in form. 

In other cases of dissimilarity in form the comparative length of 
homologous nerve fibers in the large species is smaller than in the 
case of conformity. But with all differences of the relative length 
and section of the nerve fibers the relation between the volumes of 
the neurones and their ganglion cells yet remains the same. We 


always find: 
CN 
(e)=r 


and the volume of homologous ganglion cells always varies in pro- 
portion to the power 0.27 or 5/is of the body weight: 


Charm >)" 
EEE 


If this power were 0.33 or $/ıs, its meaning would be clear at 
once. For the movements of animal species of the same form, but 
of different sizes, are slower, and the muscular contractions more 
prolonged, in proportion to the greater length of the body, the result 
being that large and small animals move along equally rapidly. The 
Tiger, e.g., moves at the same speed as the Cat, but with slower 
steps. It would be natural to conclude to a corresponding variation 
in the volume of tbe ganglion cells supplying the stimulation energy. 


P N hs Ber 
The proportion found departs little from (Fi) ‚ but the deviation 


is constant, and has, accordingly, a rational significance. This opinion 
is supporled by the fact that the area of the retina varies in the 
5 
same way, in proportion to 2) , The comparison of the receptive 
1 
cells of the retina with the ganglion cells of the brain is certainly 
reasonable, on account of the origin of this membrane as a bulging 
out of the primitive cerebral vesicle; the retina is actually a complex 
of neurones. But then it follows that the area of the retina must 
vary to the same degree as the nerve cell volume. In animal species 
of different sizes the impressions of the retina (images) vary with 
its area; those of the nerve cells of the spinal cord and the brain 
with the volumes of the cells. In the retina the area of the cross 


section and the volume of the receptive elements must vary to the 
same degree '). 


!) The available data are not sufficient to allow us to Judge about the variation 
of the area of the cross section of the receptive retina-elements with the body 
weight of homoneuric animal species. Gısa ALEXANDER SCHÄFER (Pflügers Archiv. 
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How can we account for this constant deviation from the simple 
proportion between the cell-volume and the length of the body ? 

We are put on the right track of this explanation by a dissimi- 
larity of the cell in relation to its nerve fiber. We found that in 
similar animal species of different sizes, the area of the cross section 
of the nerve fiber varies in proportion to Po or P*s. With uni- 
formity of the ganglion cell from which the nerve fiber proceeds, 
this section would have to vary with the 2/3 power of the volume 
of this cell, so that the cell volume itself would then have to vary 
proportionally to P%33 or P°%s. In reality the cell volume increases 
and decreases proportionally to P*ıs. Whence this unconformity in 
animal species of similar form ? 

The answer to this question is supplied by the closer examination 
of the cell volume. Only part of it, the plasm, is in direct relation 
to the nerve fiber; the axis cylinder arises in the plasm, its structure 
proceeds in it, passing by the nucleus. 

It has already been known for some time, especially with regard 
to the large ganglion cells, that the size of the cell increases more 
than the size of the nucleus, hence the cytoplasm still more so '). 
The existence of a definite quantitative relation can here again be 
found by means of a power-equation. When the volumes of a large 
and a small cell C and C,, and those of the nuclei X and Ä, are 
known, the value of the power % for the relation between the two 
relative volumes can be calculated by means of the equation: 


In table I I have collected the diameters of a number of nerve 
cells and their nuclei, borrowed from the works of Giuskppk Levi 
(1906 and 1908)'). Of course only between cells having the same 


Bd. 119 (1907), p. 574) gives 5.14 micra for the diameter in the Hare, and 4.6 
micra for that in the Rabbit. The relative cross section 1.248 is here proportional 
to the 5/]; power of the relative body weight. 

1) Giussppe Levi, Studi sulla grandezza delle cellule. I. Ricerche comparative 
sulla grandezza delle cellule dei Mammiferi. Archivio Italiano di Anatomia e di 
Embriologia. Vol. V. Firenze 1906, p. 291—358. Cf. on the relation of nucleus 
and plasm of the ganglion cells, the tables and graphic figures, particularly the 
table of the spinal ganglion cells, p. 330, and the two figures XIX, and also the 
conclusions formulated p. 354. 

Further data in: G. Levı, I gangli cerebrospinali. Studi di Istologia comparata 
e di Istogenesi. Supplemento al Vol. VII dell’ Archivio Italiano di Anatomia e di 
Embriologia. Firenze 1908. 392 pp., 60 Tavole. (These papers will be referred to 
as 1906 and 1908). 
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TABLE I. — Diameter of ganglion cells and their nuclei, according to he 
measurements of Giuseppe Levi (1906 and 1908), and linear dimension of 
the plasm of these cells corresponding to it. (Micra) 
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. Cavia cobaia 

. Cavia cobaia 

. Mus decumanus 


. Mus musculus 
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. Arvicola arvalis 


10. Felis domestica 


11. Felis domestica 
12. Python (species) 
13. Varanusarenarius 
14. Seps chalcides 


15. Bos taurus 
16. Mus musculus 
17. Canis familiaris 


18. Canis vulpes 


19. Bos taurus 


20. Tragulus kanchil 


21. Canis familiaris 


22. Putorius putorius 


Largest in spinal 
ganglia 
id id. 
id id. 
id. id 
id id. 
id id. 
id. id 
id. id 
id. id. 


Largest in ganglion 
spinale cerv. V 


Larg. in gln.sp.cocc.| 
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id. id. 

id. id. 
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shape can we derive the. accurate relation of the volumes from the 
proportion between the lengths. To have a good chance in this 
respect [I compared allied animal species, wherever obtainable, or 
at least those in which definite homologous cells may be considered 
as similarin form. Besides spinal ganglion cells were partieularly chosen 
for the caleulations, on account of their regular, round shape, which 
as such leads more to conformity. It is self-evident, that cells were 
compared which differed as much as possible in size; thus individual 
deviations, which would affect regular relations, as are supposed to 
exist between the volumes of the nucleus, the plasm, and the cell, 
are minimized and recede into the background. The linear dimension 
of the plasm (equal to the cube root of its volume) was taken as 
the difference between the diameter of the cell and that of the nucleus. 
An exponent d can be calculated giving the relation between the 
volumes of the plasm D and D, and the volumes of the cells C 
and (,, in the equation (2) = = then the values recorded in the 
. 1 1 
first column of figures in Table Il are found. Most of these approach 
very elosely 1.2 or 8/5. 


0.27 [e 0.27 d 
Besides it was found that (2) Zar so that (2) =7: 


Thus the value of the plasm-exponent 2 (= 0.27 d) can be caleulated 
x 
from tbe equation (ie) = 5 with the value of d calculated for 
p! 1 
every pair of cells investigated. The results of these calculations are 
given in the second column of figures of Table II. Most of them 
differ but little from 1/3. 

Not being acquainted with the details of the data made use of 
in these calceulations, we could not be certain beforehand, however 
guided in their choice by the principles stated, that they were indeed 
serviceable. In the case of Tragulus e.g. there seems to have been 
something wrong with them. But finding for a fair number of cell- 
couples, chosen on those prineiples, such a striking conformity in 
the results of the caleulations, we feel justified in admitting the real’ 
existence of regular proportions. 

As was already stated couples of cells of similar form had to be 
chosen for the calceulation to enable us to derive the volume from 
the diameter; but the general validity found earlier for the relation 
of volume between the ganglion cell and body, and considerations 
in connection with what follows, leave no room for doubt, that 
also between cells dissimilar in form, but functionally equal, the 


—1 


Mean of 13 comparisons(without N. 3 and N?. 14) 
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TABLE II. — Calculated values of the exponents d, A (— 0.27d) and k for the 
variation of the plasm-volume D with the cell-volume C and with the body-weight 

P, and of the nucleus-volume ÄX with the cell-volume C 

a ——————————— nn BER BER 


Animal species 


. Bos taurus (1) and Mus 


musculus (8) 


. Bos taurus (2) and Mus 


musculus (8) 


. Bos taurus (2) and Tra- 


gulus kanchil (3) 


. Lepus cuniculus (4) and 


Mus decumanus (7) 


. Lepus cuniculus (4) and 


Mus musculus (8) 


. Mus decumanus (7) and 


Mus musculus (8) 


. Cavia cobaia (5) andAr- 


vicola arvalis (9) 


. Cavia cobaia (6) and Ar- 


vicola arvalis (9) 


. Felis domestica (10 and 


11,gIn.cerv.Vand coce.I) 


. Python (species) (12) and 


Seps chalcides (14) 


. Varanus arenarius (13) 


and Seps chalcides (14) 


. Bos taurus (15) and Mus 


musculus (16) 


. Canis familiaris(17)and 


Canis vulpes (18) 


. Bos taurus (19) and Tra- 


gulus kanchil (20) 


. Canis familiaris (21) and 


Putorius putorius (22) 
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Kind of the ganglion CAd =: DA FPAASE DV CREIER 
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10. id; 1.070 0.2971 0.7864 
id, id. 1.202 0.3338 0.5987 
l.22.rd. 1.206 0.3351 0.6143 
id. id. 1.210 0.3362 0.6288 
id.” id. 1.216 0.3378 0.6703 
ıd.es id. 1.259 0.3497 0.6025 
id: id. 1.123 0.3119 0.6466 
id. id. 1.187 0.3296 0.5892 
id. id. 1.203 0.3341 0.5386 
Rad. ant. med. spin. 1.195 0.3320 0.6555 
Purkinje cerebell. 1.199 0.3330 0.6651 
Gr. pyram. cerebr. 1.422 0.3950 0.6071 
Ganglion cervic. sup. 

n. sympath. 1.248 0.3466 0.6523 
1, 204 | 0.3344 | 0.6095 
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relation of volume of the plasm would remain the same. We arrive 
therefore at the following statement: 

The plasm volume of the nerve cell varies in proportion to the cube 
root of the body weight, i.e. to the mean linear dimension of the body. 

Hence we are justified in considering the plasm volume of the 
nerve cell as determined dynamically. The mean linear dimension of 
the body varies in inverse ratio to the rapidity of the movements, 
and in direct ratio to the duration of the muscle contractions (com- 
pare the Cat and the Tiger), because the muscular force, which is 
determined by the transverse section of the muscles, and the body 
weight are in this proportion. 

The caleulated values of the exponent 4, in the equation for the 
varlation of the nucleus-volume with the cell-volume, are given in 
the tbird column of Table II. It appears that most of these values, 
and their mean, are slightly below 2/3, which value k ought to have, 
if the variation of the nucleus volume were proportional to the 
surface area of the cell. We may assume 0.6 or ?/; for the real 
value of %. This lies exactly halfway between that for proportio- 
nality with the area of surface of the cell and with the area of 
surface of the nucleus, that is the outer and the inner surface of 
the plasm. This leads to the conclusion that the regulation of the 
metabolism of the plasm of the ganglion cell must be attributed to 
the nucleus. Apparentliy we are, therefore, justified in considering 
the nucleus as the assimilator and dissimilator of the plasm — by 
catalysis or enzyme action, — and as the process of stimulation in 
the nerve fiber undoubtedly proceeds from (or ends in) the plasm, 
which is elosely connected with the axone, the name of neurokinete 
may be applied to the nucleus. '‘) 

Further, it can be deduced from the value found for %, that the 
volume of the mucleus varies proportionally as P%46 or Ph, and 
the square of the volume of the nucleus as the volume of the plasm 
of the cell. Hence these two are in the same relation to each 


I) The action of the same enzymes can give rise both to synthesis and analysis. 

P. ScHierrerDEcKER (Muskeln und Muskelkerne, Leipzig 1909, p. 150 et seq.) 
found that in the rabbit the relative nuclear volume of the red muscle fiber, 
which is rich in muscle haemoglobin, is much greater than that of the while 
muscle fiber, which is poor in muscle haemoglobin. In the red Soleus the relative 
nuclear volume is 2!/, times greater than in the white Gastrocnemius, which 
consists of muscle fibers of similar form, and which acts in conjunction with the 
Soleus. This, too, points to a catalytie relation between the nuclear quantity and 


the rapidity of the metabolism (oxygen consumption) of the cell. 
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other as the volume of the nerve cell to that of its nerve fiber. 
This is of great signifieance in the mechanism of the neurone. 
Through the found proportionality of the volume of the plasm 
with P' it now becomes clear that in animal species of the same form, 
but of different sizes, the area of the cross section of the axis eylinder 
(and also of the nerve fiber) is in a relation of uniformity with the 
plasm of the nerve cell from which it proceeds. Hence this area 
varies as the ?/3 power of the plasm-volume, i.e. by. P*s or PR, 
The volumes of homologous nerve fibers of animal species having 
the same shape, the lengths of which are proportional as P*» or 


PP33, must therefore vary proportionally as P’% or P°55. And as 
the ganglion cell constitutes only a very small part of the volume 
of the neurone (in the above described motor neurone of the finger 
museles of man, e.g., the nerve fiber has 870 times larger volume 
than the ganglion cell), we may also say that the volume of the 
neurone, hence also the complex of neurones, which we call the 
brain, varies by the power 5/s or 0.55 of the body weight. ') 

Thus the rational character of this apparently incomprehensible 
power is clearly shown. 

At the same time, the mechanism of the neurone becomes more 
distinct. 

Also for species of different shape, as Man and the Mouse, we saw 
the volume of homologous, also analogous ganglion cells (funetioning 


in the same way) vary proportionally as P%2? or P°hs, and we may, 
therefore, assume that the volume of the plasm of these cells varies 


proportionally as P03 or Ps, hence as the mean linear dimension 
(for uniform species, as every homologous linear dimension) of the 
body. The proportionality with the mean linear dimension of the 
body is, indeed, a necessary condition for the cooperation of all the 
neurones in the nervous system, the nerve fibers of which inter se 
differ greatly in length. Consequently the relations of the elements 
of the neurocyte must be valid both for species of different shape 
and for species having the same shape. 

The existenee of these fixed relations of volume of the 


!) The degree of accuracy of the data does not allow us to ascertain whether 
the volume of the neurone or only that of the nerve fiber varies proportionally 
as the square of the volume of the ganglion cell. Hence it may very well be that 
the ganglion cell, which besides being the station, is also the road for the impul- 
sions, at least as regards its plasm, must also be included in the proportional 
section of the nerve fiber. Then the volume of the neurone is at least almost 
excctly proportional as Ps or P0.55, 
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neurone and its parts leave, indeed, hardly any room for doubt of 
the perfectly mechanical character of its arrangement. Though it is 
not possible to demonstrate this in details, because it is not yet 
fully known what takes place in the nerve fiber during the trans- 
mission of the stimulation process, the impulsions, from and to the 
ganglion cell, yet our present view of the nature of this mechanism 
can be tested by what we know about this arrangement. 

What is transmitted in the nerve fiber as impulsions is, beyond 
doubt, a process of dissimilation, and it is highly probable that the 
colloids, eontained in the living substance, play an important röle. 
The plasm of the ganglion cell and the axone possess “Spumoid- 
struktur”” (Rhumbler), is an emulsive foam mixture, consisting of two 
liquid phases. The denser of tbese colloid substances forms the walls 
of the minute spumoid compartments (“Schaumkämmerchen” of 
Rhumbler); so semipermeable membranes or osmotie films can act 
selectively on the ions liberated by the disaggregation of the mole- 
eules. Thus the anions diffuse in centrifugal or centripetal direction 
from one spumoid minute compartment to another '). 

Material particles move in any case from one end of the nerve 
fiber to tbe other. Not the same partieles: the movement is trans- 
mitted from one spumoid compartment to another Iying in front of 
it, as it were from one transverse layer to another, but the work 
performed thus must be equal to that of a transverse layer of equal 
mass which moved from one end of the nerve fiber to the other. 

But the process of stimulation is not transmitted in this way from 
one end to the other in the whole nerve fiber; this takes only place 
in the axone. We see tlıe axone taking its central origin or termi- 
nating centrally in the plasm of the neurocyte, with gradual transi- 
tion; it is enveloped with myeline only at some distance from this; 
the medullary sheath terminates at the muscle fiber, and the motor 
nerve end-plate is but a plate-like or antler-like extension of the 
axone. It also appears that at the peripheral ends of the afferent 
nerve fibers the axone is the real conductor. Though the medullary 


1) Gf.: W. Nernst, Zur Theorie der elektrischen Reizung. Nachrichten von 
der Kön. Gesellschaft der Wissenschaften zu Göttingen. (Mathem.-physik. Klasse). 
1899, p. 104—108. — Max Verworn, Allgemeine Physiologie. Sechste Auflage. 
Jena 1915, p. 134 et seq., 319 etc. — O. Bürscauı, Untersuchungen über mikros- 
kopische Schäume und das Protoplasma. Leipzig 1892. — Hans Hero, Beiträge 
zur Struklur der Nervenzellen und ihrer Fortsätze. (Zweite Abhandlung). Archiv 
für Anatomie und Entwickelungsgeschichte. Leipzig 1897, p. 204—289. — L. 
Ruumsıer, Das Protoplasma als physikalisches System. Ergebnisse der Physiologie. 
(Asuer und Spiro). Jahrgang XIV. Wiesbaden 1914, p. 484—617. 
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sheath has undoubtedly not the entirely passive significance of the 
insulator in the eleetric cable (just as the axone cannot be compared 
to the wire), it nevertheless certainly does not take part directly in 
the transmission of the process of stimulation. The axone, certainly, 
is direetly involved in this transmission. 

With the varying size of the animal species the volume of the 
axone always varies proportionally to half the square of the volume 
of the ganglion cell. The length ! and the area of the cross section 
q of the axone (like that of the nerve fiber) indeed vary (as was 
discussed above with regard to the nerve fiber ')) in inverse ratio 
{o each other, so that their product /g remains the same. Hence 
the produet /g varies proportionally as 3 C*. 

Let us consider in this connection the propagation of the process 
of stimulation in the nerve fiber. 

On discharge of the ganglion cell (we shall confine ourselves to 
the efferent neurone; what follows holds inversely for the afferent 
neurone) potential energy of some form must certainly be consumed 
to supply motive energy in the nerve fiber. Let us suppose this to 
be performed by a layer of anions (or other material particles) 
placed in the cross sectional- plane of the axone. It leaves the 
ganglion cell with a velocity v, travels the whole path to the other 
end of the axone, and assumes there a state of rest. This layer, 
whose mass is proportional to g, must have possessed a potential 
energy in the ganglion cell proportional to /g, and obtained a kinetie 
energy, eqnal to this, proportional to % qv*. 

We also found /y proportional to 3 ©”, from which follows that 

Y 
v is proportional to AR As for animal species having the same form 
g is proportional as PO or Phs and (as PP or P*ls, we find 
v proportional as P046 or P'%. This is the same ratio in which the 
nucleus volume increases with inereasing body weight. T’he velocity 
of the metabolism of the cytoplasın and the velocity of the process 
of dissimilation in the axone varies proportionally with the increase 
of the nucleus volume; we must therefore consider the movement in 
question as having begun in the cytoplasm with a velocity which 


') Comp. my communication “On the Relation between the Quantities of the 
Brain, the Neurone and its Parts, and the Size of the Body. These Proceedings 
Vol. XX, p. 1328—1337. The areas of the cross sections of analogous nerve 
fibers of Man and the Mouse referred to above, are based on direct measurements 
of the diameters of the axones by Irvına Harpesty. 1 assumed double the cross- 


seclional areas of the axones for the nerve fibers, in virtue of researches by 
DonAaLpson and Hoke and others. 
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is determined by the volume of the nucleus. The name of neurokinete 
may, indeed, very appropriately be given to the nucleus. We may 
once more point out the analogy to catalysis or enzyme action. 

In dissimilar species (and neurones) the section of the axone varies 


proportionally as a smaller power of the body weight than 0.23 or 
*/ıg (between the Mouse and Man 0,1693) or as a greater power of 
the body weight. Therefore the velocity v, which a layer of anions 
(or other material particles) of the axone obtains in the ganglion cell, 
must in one case be greater (between the Mouse and Man v varies 
in the proportion of P%1931), in the other case smaller than with 
species (and neurones) of equal form. 

The kinetie energy imparted to this layer by the ganglion cell, 
wlıose volume varies in the same relation with the body weight for 
species of dissimilar form as for species of equal form, eontinues 
to vary in the same way. ‘For, the mass of the layer, determined 
by the eross section of the axone, varies inversely as the length of the 
axone (i.e. between the Mouse and Man in the ratio of P038%), and 
the square of its velocity (between the Mouse and Man in the ratio 
of P%3862) varies inversely as the cross section, hence directly as 
the length. The energy remains proportional to % qv’ and to /g. 

In a previous communication I discussed the relation between the 
velocity of the propagation of the stimulation process, and the area 
of the cross section of the nerve fiber and the axone.') It is self- 
evident that per unit of length in the same time the stimulation 
process performs more work in relation to the cross section of the axone. 
lt corresponds morphologically that the joint area of the parts of 
the walls of the spumoid compartments that are placed transversely 
increases with the cross section of the axone, for in the same degree 
more anions diffuse in the unit of time. ?) 

Thus our present views on the nature of the mechanism of the 
transmission of the stimulation process in the nerve fiber find full 
confirmation in the quantitative relations of the nervous system. 


)) “The Significance of the Size of the Neurone and its Parts”. These Proc. 
Vol. XXI, (1918) p. 711—729. 

2) In connection with this the chronaxy, which expresses the time during which 
a nerve elaborates an electric stimulation, so that it reacts to it, is slight for thick 
nerve fibers, great for thin nerve fibers: L. Larıcque et R. Lesenpre in Comptes 
rendus de l’Academie des Sciences. Paris 1913 Tome 157, p. 1163—1166. — 
L. Larıcqus et R. Leeenore in Bulletin du Museum d’histoire naturelle. Paris 1914, 
N®, 4, p. 248—252. — Cf. on chronaxy also J. K. A. Werrnem SALOMONSON, 
especially in ““Nederlandsch Tijdschrift voor Geneeskunde. Jaargang 1919. 2e. Helft 


N°, 15. 


680 


Besides it appears that it is the nucleus of the ganglion cell, the 
neurokinete, that controls the mechanism of the neurone, of the nervous 
system, and indeed that of the entire animal organism. The sixth 
power of the volume of the nucleus varies then proportionally as 
the body weight, or the square of the nucleus-volume proportionally 
as the length of the body; thus also the sixth power and the square 
of the veloeity of the movement of the anions in the cytoplasm 
and the axone. 

Aıry !) knew only one instance in physical science in which the 
sixth power came really into application: if the velocity of a sea- 
current (or a river) be doubled, it will carry stones, pushing them 
on along the bottom, of sixty-four times the weight of those (having 
the same shape) carried before. In the animate world the sixth 
power plays a very important part. SUTHERLAND?) found that the 
body weights of all bird species are proportional to the sixth power 
of their brooding-times; those of mutually allied mammals to the 
sixth power of their times of gestation; thus the body lengths of 
the adult animals being proportional to the squares of these times. 
In all these cases, just as in the case treated here, we have to do 
with movement of, or relative to bodies having the same form. 

Hence that cytoplastic metabolism, like this funetional metabolism 
of the neurone, is mechanically determined, and the general occeur- 
rence of quantitative relations between nucleus and plasm °) is only 
the consequence of the mechanical relation in the dependence of 
these cell-elements on each other. 


1) GB. Aıry in Minutes of Proceedings of the Institution of Civil Engineers. 
Vol. XXIII. Session 1863—64. London 1864, p. 227. 

2) ALEXANDER SUTHERLAND, Some Quantitative Laws of Incubation and Gestation. 
Proceedings ofthe Royal Society of Victoria. Vol. VII, (New Series). 1895, p. 270-286. 

3) Compare the researches and studies of: J. $. Gerassmow in Zeitschrift für 
allgemeine Physiologie. Bd. 1. 1992, p. 220—258, — Tu. Boverı in Verhandlun- 
gen der Physikalisch-medicinischen Gesellschaft zu Würzburg. Neue Folge. Band 
35. 1903, p. 67—88, — R. Herrwis in Biologisches Centralblatt. Bd. 23, 1903, 


p. 49—62 and 108—119, — Aus. Pürrer, Vergleichende Physiologie. Jena 1911, 
p- 32 et seg. 


Mathematics. — “Note on linear homogeneous sets of points”. By 
Dr. B. P. Haatmeıyer. (Communicated by Prof. L. E. J. BrouwaR). 


(Communicated at the meeting of October 25, 1919). 


We shall call a linear set of points x homogeneous in the interval 
AB, if its subset, interior to an arbitrary sub-interval, allows of a 
uniformly continuous one-one representation on the subset of x 
interior to AB). 

If the set = is everywhere dense in the interval AB°), each of 
these representations determines a continuous one-one correspondence 
between the entire linesegments. As will be shown, we may in 
this case, assume the correspondences, postulated for a homogeneous 
set of points, to leave relations of order unaltered. 

Let CD be a sub-interval of AB (possibly identical to AB) and 
E a point between ( and D. We consider the following possibilities: 

1. For every system of points C, D, and £ the representation 
of the interval ÜUD on ÜE leaves relations of order unaltered. 

2. This is not the case. 

First case. Suppose a representation of AB on FA has to be 
effected (order from left to right A, F, H, B). According to the 
assumption both AB and FH can be represented on AA with 
unaltered relations of order, hence AB on FH in the same way. 

Second case. The assumption postulates the existence of an interval 
CD which can be represented on its sub-interval C'’£ with inverted 
relations of order. Considering this representation is a continuous 
one-one correspondence between entire linesegments, it follows. from 
the DrDEKInD axiom that a point / exists (not necessarily belonging 
to the set m), which corresponds to itself. This however establishes 
the possibility of representing the part of ® interior to CD on 
itself with inversion of order-relations. It follows that the part of x 
interior to an arbitrary sub-interval of AB, possesses this same 


I) An analogous definition has been given by Hausporrr for ordered sets, 
Grundz. der Mengenlehre p. 173. For linear sets of-points BROUWER has introduced 
the following more extensive definition: a linear set of points = is homogeneous 
in the interval AB if for each couple PQ of its points interior to AB, there exisis 
a continuous one-one transformation of the interval AB in itself, such that z 
passes into itself and the point P into the point Q. These Proceedings XX,p. 1194. 

2) Which obviously is the case if = has any points inside AB. ih 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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property, hence all correspondences, postulated for the homogeneous 
set m, can be effected in such a way as to leave relations of order 
unaltered. 


We now formulate the following iheorem: The linear continuum 
cannot be composed of two homogeneous sets of points, possessing 
the same geometric Iype. 


Our demonstration is to be an indireet one. Let the open line- 
segment AB consist of two sets of points m and n’ of the kind 
mentioned. These sets m and =’ possess the same geometrie type, 
“that is there exists uniformly eontinuous one-one correspondence 
between them. Evidently x and n’ are both everywhere dense on AB. 

To begin with, we assume that this correspondence inverts rela- 
tions of order. Then x can be divided into two subsets m, and =, 
such that every point of m, is situated on the left, and every 
point of x, on the right of the corresponding point of m’. Besides, 
every point of m, lies on the left of every point of w,. Hence, as 
a, +”, is everywhere dense, the Deprkınp axiom postulates the 
existence of a separating point AR. This point R however can belong 
to neither =, nor #,. For instance let us assume A to be a point 
of #,, then it is situated on the left of the corresponding point of 
z' and the continuity of the correspondence makes that this is also 
the case for all points of x inside a certain finite neighbourhood 
of R, which means a contradietion. Hence A belongs to 7’, but 
this also leads to a contradietion as the fact that AR is situated 
either on the left or on the right of its corresponding point cannot 
be made to agree with the circumstance that all points of z’ on 
the left (right) of R are also situated on the left (right) of their 
corresponding points. 

We now come to the second possibility, namely that the corres- 
pondence between x and ' leaves relations of order unaltered. 
We distinguish two cases: 

1. The set ® contains both points situated on the left, and points 
situated on the right of the corresponding points or a. 

2. All points of = lie on the same side of the corresponding 
points. 

First case. Let the point P, of x be situated on the left of its corres- 
ponding point P, and P, on the right of P.. The subset of x 
between Pr, and 7,, including the endpoints shall be called Tussliet 
‚7, be the subset of x, consisting of those points, which, together 
with all points of =, situated more to the left, precede their corres- 
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ponding points‘), and let R be the last limiting point of ‚m, on 
{he right hand side. Then the assumption that R precedes its cor- 
responding point, as well as the assumption according to which R 
follows on its corresponding point, leads immediately to a contra- 
dietion (we here consider the transformation of the entire segment 
AB in itself, which is determined by the correspondence between 
x and =). Hence the point /? must correspond to itself, but this is 
out of the question, both if AR belongs to m or to a. 

Second case. All points of a lie on the left of the corresponding 
points. Let the points P and P, of x' eorrespond to P, and P, of 
x respectively and let the order from left to right be P, P,, Es P.. 
Of course, such a system of points can always be found. 

We choose a point C of =’ on the left of P, and we subjeet a’ 
to a uniformly continuous one-one transformation in itself, such that 
P. passes into C and P. remains in its place. A transformation of 
this kind can certainly be found as rn’ is homogeneous. Let x" be 
the transformed set, then a uniformly continuous one-one correspond- 
ence exists between x’ and x, such that x" contains both points 
preceding and points coming after the corresponding points, and the 
reasoning used for the jirst case can now be applied. 

To Prof. L. E. J. Brovwer I am indebted for several remarks 
turned to advantage in the preceding note. 


I) «Precede” here stands for “are situated on the left of”. 


45% 


Mathematics. — “On n-uple orthogonal systems of n—1-dimensional 
manifolds in a general manifold of n dimensions.” By Prof. 
J. A. Scnourssn and D. J. Srrumk. (Communicated by Prof. 


J. CARDINAAL): 


(Communicated at the meeting of October 25, 1919). 
II. 


7. Durin’s theorem and an inversion. From theorem I we conelude 
that Durin’s theorem also holds for a general manifold: 

The V,_-ı of an n-uple orthogonal system intersect along the lines 
of curvature. 

This theorem may be inverted in the following way: 

When n—1 mutually orthogonal V,„_ı-systems, determined by the 
congruences 11, .. -;1n—ı perdendicular to them, intersect along a con- 
gruence 1,, and when we can choose the arrangement of the first 
congruences in such a way thatthe congruence 1, in each Va _rH1L1h, . . ,1r—ı 
is a congruence of lines of curvature for the V,_r being the inter- 
section. of Ihis Vaıgı wäh We Va 1, Bene 
i, is perpendicular to a V„_.-system, orthogonal to the n—1 given 
systems, and 1,...,i, are the congruences of the lines of curvature 
for each of the n systems. 

Proof. When the fundamental. tensor ’g of the V„ is written: 


g=aambb=r,, Eu, wu ne 
then the ideal factor a can be decomposed as follows: 
a ala ne 
in which a’ contains but iz, ... ‚in, a! but ir 12. 
g=-aa—bb—=.... is the fundamental tensor of the Vasen 


1, ...,1%-ı and the geodesie differentiation of a vector v, which is 
wholly situated in this Yn_%+1, is determined by the equation : 


vr’ Vla va, cn 
Hence for i, we have: 
bhtVk=h! VYlr.)a—in! Vlr.a)a +1 V(ie.a)a' — 


. le - 2 . 75 
— ih 1 V r + in 1 V (ir . a‘) a ( ) 
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According to the supposition in is a congruence of lines of eurvature 
for the V„_; being Liz in the considered Vn-x+1, so that according 
to (88): 

ERRERTEN RE zu 7 Be TE EL) 
in which 9x is a still unknown coeffieient. Hence we conelude 
from (76): 

ee : 
u! VR—OQkin + > TR RE ERBEN 
B) 
in which u;,; are still unknown coefficients. So it is supposed that 
it must be possible to arrange i,,...,in_ı in such a way that the 
equation (77) is satisfied in the same time for all values k=1,...,n—1. 
Since 


men, A ee kl... (78) 
we find by application of in. V: | 
ya ke kn Vü N (79) 
For k<{! we have thus from (77), (78), and (79): 
ey Ve N, (a ee ee (80) 
hence: 
ü Br; d a et 


„ (81) 


By this the equations (77) pass into: 
at V IR = Ole, Bee una 20 3: 7 (82) 
which can geometrically be interpreted in such a way that in is a 
congruence of lines of curvature in each of the n—1 given Vy-ı- 
systems. 
By application of i.. V we conclude from (78): 
Bunt nV else, nl. u. (88) 
Now i, is V»_ı-normal, hence Vi, is symmetrical in % and n, so 
that we have from (80) and (83): 
ur? VO, ke ba ee Ei: 
hence in is Vn_ı-normal and i,,...,in_ı are the congruences ofthe 
lines of eurvature of the V„_ı Lin. 
Since i,...;in-ı are Vn-ı-normal and mautually perpendicular, 


we have also from (67): 
yE3Vu=0,  hihlzeh..,n-l ... 8) 
so that i,...,in are the congruences of the lines of curvature 
for each of the n systems Li,,:.. In. 
For a V, the proved theorem can be expressed in this way: 
When two mutually orthogonal systems of surfaces intersect along 
a congruence of curves, which are the lines of curvature of one of 
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the two systems of surfaces, then there exists a system of surfaces ortho- 
gonal to the two given systems and the three systems intersect along 


their lines of curvature. 
For the AR, {his theorem has been first deduced by DarBoux '). 


8. LinientHar’s conditions. We will now connect different shapes, 
in which the conditions occur in literature, for the case that i„ is 
V,„_ı-normal, and inquire how far they remain valid, when more 
general manifolds are admitted. 

In the same way as *h the tensor ’p gets a simple significance 
when i, is V,_1-normal. Since on account of (19) and (42): 

EEE 
n 
the contravariant characteristie number of x(in. V) V — in IS: 


et.) Weiten: I eier vg | 
Ip 


+ (in . V) e’, eu! (in r v) 9°] + e3 ex 2 Un Un — 
—=—4(i,.V)’ gr’ + open? ZUV in)? E64 (in .V)ehe’s;+Ea6x? Unlin— 
Ay 
— — }(i7.9)? grP—- 5 (Vin)? ere.fetre’z? (in. V)eze.5+t Epea? Unlln— 
—=—}(in.V)’gP+ (Vin)? ereufetre’z? ((Vin)t egex+es(Vin)! et | 
Ay . (87) 
B= e3 ex 2 Un Un = 


=—I(n.V’ PR I ei (V Ad er en! (V in)! e3 + 
p 
= en (V u e,e’,1 (Vin) & + 


— e, 1 (V —,) 1 in in ı (V 1.) ! &3 + e3 1 (v-i,)! in in! (V in) 1 ex 
= Ih.VYgP +2 TV An) Vin ) 

from which in connection with (59) we conelude: 

* 

= 

Hence the condition that *h and °p have the same prineipal 

directions, for the case n—=3, can be written in coordinates: 


n—— 


elin.VPgR—ereslin.V)AR . .- (88) 


er geb geb 
(in e V) en (in . V) geb (in . V) gdb == 0, 
(ine V)’ az (in & v)’ gab (ar a gbb 


(€) 


l) G. DArBoux, Sur les surfaces ortho N 
, 2 gonales. Annal i 
3 (66) 97—141, p. 110. es sc. de l’Ecole Normale 
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and this is exactly the equation given for the first time for R,by 
LiLientBan ‘), and to which lately, also for R,, Wirkınga ?) has again 
drawn the attention. So this condition is a special case from Rıccı’s 


first. It remains also valid for an arbitrary linear element, and 
also for n >3, then however it is no longer the only condition. 


9. Rıcer’s conditions. Be in again V„_ı-normal. Then we can choose 
an original variable y” and vectors s„ and 8’„, so that: 


A == Sn’ ee ee (89) 


By means of this equation we can eliminate in from (C) and (D) 
and substitute 8, for it. 
Since: 
BEN Sell: V) 3 V.+3(V,)n+45Voh. (90) 
we have: 


4 
es (n.V)V eh?! - VHAAVa+Hnn!VVn+ (91) 
+4(V on)in! V Sn + 3 (in! V sn) V on}, 
or, since: | 
VoHn=V (xsn.$n) 3 = — %0n’ (VSn)l Sn = — Inln + %On Sn! (V6n) Sn, (92) 
also: 


4 


Sn? (n.-V)(V- im) = nE | (in. V On) V Sn + On’sn! VV Sn —%Un un}. (93) 
Since on account of (31) and (69): 
Die? SB II IN meh? inlm. . >». (94) 
the condition (C"') gets the shape: 


u ee Me 
ijir? }x0n? 87 1 YVVn—2mmi=i ' en EM 


Since: 


1 1 
Va=—Vn+([V)i a re 
Ö, Ö 


we further have, in connection with (30) and (33): 
DEN N ler) 
from which by application of (ix.V) may be concluded: 


1 RE 
On . On 


ı) R. v. LiLIENTHAL, Ueber die Bedingung, unter der eine Flächenschar einem 
dreifach orthogonalen Flächensystem angehört. Math. Annalen 44 (94), 449457. 

2) W. G. L. WıERIndA, Over drievoudig orthogonale oppervlakkensystemen. Diss. 
Groningen, (18) 59 pp., see p. 13. 

3) See note !) of next page. 
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(7i,)! ij. containing but iz; and i„ on account of (38), we find in 
connection with (67): 
ir? VV/n—, j£hjflk£hjykhl=ld...,n— 1. (D) 


This equation (D,) can be decomposed into: 


BARTZZIRET ee (D',) 

or: 
aaa TU =D, ze 

and: 


; ind (Y- N) DR ee (99) 
4 
When K is the Rımmann-ÖHrıstorrer-affinor of Vn, (99) can 


be written: °) 


4 
yielaKlyYp—=bd. . ..... . (100 
or ; 


1 
Kto] ER RE. Sen Ei, 


The equations (C/), (D,), (D',) and (100) are deduced by Rıccı.?) 
3 ».... (n—1) (n—2) (n—3) 
The number of the equations (D',) is en ——,thenumber 
(n—1) (n—2) (n—3) 
> re 
mutate not only 5 and k, but also k and /*). (D,') contains third, 
(D,") only first differential quotients of y*. 
The conditions (D,") vanish identically, when the characteristie 


of the equations (D") is ‚ because we may per- 
q J 


4 
numbers /kjn of K vanish. Since in a space of constant RıEMAnN- 
ceurvature Ä,: 


4 
K=2R&K, (ab) re 
the equation holds: 


4 

AuUkHEK N ar ER Ba 
so that the condition (D,") is an identity in such a space, and hence also 
in a euclidean space. Thus (D,) reduces in this ease to (DI. Br 


1) (O3) can also be deduced from (84) in an analogous way as (Dı). 
2) Comp. A. R. page 59. 


3) G. Rıcceı, Dei sistemi ete., p. 314. Here the equations (C,) and (D,) are lettered 
(4,1) and (B}). @. Rıccı, Sui sistemi, p. 151. 


*#) Compare the observations of Rıccı on occasion of a paper of Dracn, Ömpies 
Rendus 125 (97) 598—601 and 810-811. 


°) Compare Of, Brancar-Luxar, 1st. german edition, p. 574. 
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euclidean space the condition (D',) has been given by Darovx ') Ihe 


4 
characteristice numbers (/ kjn) of K vanish too, when the V,_ı Li, 
are geodesic. 


10. Le£vr’s, Cayıer’s and Darpoux’s conditions. Differentiating the 
relation: 


a HMI TE SPEER OS) 
we get 


Ve WVH)Hn FH VYm. . ........(104) 
Differentiating again, we get: 

Ihe lUVn)5n + Vs)lalVo)a+t (Vs tm VVs, (105) 

and from this and (104) we have for VV &: 

2% 

On 


IV On. On (VV in) 1 in — 0 (VV Sn) 1 in E= (V On) (V On). (106) 


Since: 
(Vin) in=V KV in) lin} — (Vin)! a (Vin) a—=-*h! *h-(Un. un) in in,(107) 
we get, in connection with (92): 


4 4 | 
8. 2 VV.= r’. *0, n! ”h— %0n’ $n 2 (VV Sn) 1 Sn or 2 On Un Un. (108) 
In connection with (C,) this equation gives a new shape to the 
first condition: 


t) G. DarBoux, Lecons sur les systemes orthogonaux et les coördonnees curvi- 
ignes I (98), p. 130, form. (35). 

2) As a simple example for the application of (C5) and (D’,) for euclidean space, 
we can take the system u= Y, (y!)+...+ Yn (yr), in which y!,..., rn are Cartesian 
coordinates. To calculate grıaz ete.. it is necessary to find a system of n—1 Vn—1 
which determines in the VYn—ı u“ = const. a system of coordinates @o,... Then 
%6a, » 8a, = Qaya,, etc. For this purpose we must try to find n—1 independent 
solutions of the differential equations: 

1.45, 
; Oyi Oyyi 

For the calculation compare e.g. WIERINGA, Diss. p. 21 and seq. Then we can 
see that the condition (D’,) is identically satisfied, so that only LiLientHar's con- 
dition (C,) remains, which can be written in this case: 


In fi) 
0 or SH BER £ De 
i dy! 


1 1 1 
Y;" m u 0 
Kaya a. 9 ai: 4 IF ng 2% Kr Yon 1 en 9 EN 
or Yı Yı”—2 Yi’?= AYi’+B, in which A and B are constants. 
This result has been deduced for n=3 by SERRET, and for a general n by 
DARBOUX in another way as has been done here. Comp. DArBoUx, Legons sur les 
systömes orthogonaux etc., p. 140 and 141. 


| 
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- 4 
ji? VV m — 2 20 ie? {sn (V TV) Sn) xOn ij ie? (in Klin) (109) 


or 


4 


1; 12 2 YVV Oon=X%On in ij ie In ıK. (C,) 


Thus for a V,, for which the characteristic numbers (nkjn) of 


4 
K vanish, this first condition can be written: 


B ik ZEN NO 0.| (C',) 


This equation expresses that the tensor YYon has the same prin- 
cipal directions as.’h. The geometrical signification of 0, is that 
this quantity is proportional to the infinitesimal distance between 
succeeding V„-ı Lin measured along in. 

In space of constant Rınmans-eurvature X, we have, in connection 
with (101): 


uhafniKihle— hie ch) 0, ae 
from .which we conelude that in this manifold the first condition 
has the shape (C,), hence also in euclidean space. In this 
latter case the condition is deduced for n=3 by Levr'), 
CayıeY ?), DAarBouX ’), and for general values of n by DarBoux ‘). 
Thus the necessary and suffieient conditions for manifolds of constant 
RıeMmaAnn-curvature are (C/)) and (D,N. 


11. WEINnGARTEN’s condition. We will try to find a shape of the 
conditions that only depends on i„ and no more on 1,j=1,2,.. ,n—1. 
When a tensor, whose prineipal direetions do not coineide with 
tbose of *h, be transvected once with °h, an affinor arises whose 
alternating part is certainly not annihilated. Thus the condition that 
{he prineipal direetions coincide, is that the alternating part of the 
first transvection with ?h vanishes. Hence (109) is equivalent to: 


4 4 
in which B may indicate that the bivector-part has to be taken. 


!) M. Levy, Memoire etc., p. 170. 

°) A. Caytey, Sur la condition pour qu’une famille de surfaces fasse partie d’un 
systeme orthogonal, Comptes Rendus 75 (72), a series of articles. 

3) G. DARBoUX, Sur l’&quation du troisieme ordre dont depend le probleme des 
surfaces orthogonales. Comptes Rendus 76 (73) 41—45, 83-86. See also e. 8. 
BıancHr-LukAt 15st. german edition. | 


4) G. DarBoux, Legons sur les systemes orthogonaux etc., p. 128. His formula 
(32) is our formula (C’,). 
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Since: 
V | (V i„) z (Vor)! = (VVYin)! Van+ta (V DE (a EV.) VE0n, (112) 
we have: 
4 
VAYi)! V—=BY(Vn)! Van! =), K? in Vn—B (Vin)! VVon,(113) 


so that (111) is equivalent to: 


4 4 4 
g? - VAT)! Volt Ktin Vn—B(Yi)in? K! 1 |=0. (114) 


Since in a space of constant RımMann-eurvature on account of (92) 


and (101): 
4 4 4 4 4 
ss: Ku V Rn —=— an$?K? nun = — 2 mK,$? in tn == 0, (115) 


the condition for such a manifold is, on account of (110), that the 
component of V __ (Vin)! Von} in the region Lin vanishes. On 
account however of Stokzs’ law !), we have for each vector v: 


fr&=-22[ 120 - Was ne EL) 


Ss (2 
in which s is a closed ceurve and ’fdo the bivector of the surface- 
element of any surface o bounded by this curve. From this we 
conclude that in a space of constant Rızmann-curvature we can also 


giwe as first condition that the linear integral of the vector (Vin)! Von 
along each closed eurve in a Vn-ı Lin vanishes. This condition is the 
only one for V,. For an R, it has been first indicated by WEINGARTEN ’) 
and Rıccı °) has observed on occasion of WEINGARTEN’S paper that the 
condition holds also for a V, of constant Rıemann-curvature. From 


the above-mentioned we see that the condition, but no more as the 
only one, holds also for manifolds of constant RıeMAnn-curvature, 


for wbich n >3. 


!) Comp. A. R., page 37 and 61. 
2) WEINGARTEN, Ueber die Bedingung, unter welcher eine Flächenfamilie einem - 


orthogonalen Flächensystem angehört. Crelle 83 (77), 1—12. 
3) G. Rıccı, Della equazione di condizione dei parametri dei sistemi di superficie, 
che appartengono ad un sistema triplo ortogonale. Rendiconti Acc. Lincei Ser. V, 


III, (94) 93—96. 
Rıccı observes for the case n=3 that WEINGARTEN’s theorem remains also 
4 
valid, when K has the shape: 
4 
lab lar&b) + rl, ni) i,) 


when v is an arbitrary coeffieient. This however holds also for general values of n. 
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12. Mutually orthogonal V„—ı-systems through a given congruence, 
the canonical congruences being not singly determined. 

When tbe routs of (24) are not all different, these roots determine 
in general g mutually perpendieular regions AR), ,... R,.. Within 
the region R,, every set of p« mutually perpendieular irnehiors 
satisfies the eanonieal conditions. The equations (47—51) teach us 
that it must be possible to choose the canonical directions in each of 
the regions R,, in such a way that they are V„—ı-normal, when 
through i„ there shall pass n—1 mutually orthogonal V„-ı-systems. 
Thus the conditions (C’) and (D), depending on (55) resp. (67), i.e. 
of the being V,„_ı-normal of all canonical congruences, will no more 
remain valid without any restrietion. 

When ic... 2 are the unit-p-vectors belonging to the regions 
FI ER, RB, the equations: 

ea ge ee Sure I 

pi! Val al, zuge B+1,. 
must be satisfied by ps independent solutions. On account of F 
we ihus have: 


— 


Eee ER er S 
(in pe N, Paul‘ e PN) N = O;.ar, ES 

and from this we conelude: 
le. 2 Vils il, 2 a ar Er 
re Dh. un u 


in which i; belongs to another region than ix and i, and for the rest 
the choice is arbitrary, provided k #1. 
(119) has entirely the same form as (55) and from (120) follows 
for the special case that i,, iz, is each belong to different regions: 
kl V;—=0, 2 u. seen 
an equation of the same form, and deduced in the same way as (67). 
The equations (C’) and (D) only remain valid under the above- 
mentioned restrieting conditions. They are besides no longer suffieient. 


A supplementary condition will be found in the following way: 
The equation (65) shows: 


9 — A)? yi; + xiiel3 V hm 0, (123) 

R—A)ur? Vi; +83 7 h—0. 
valid for the case that iz and il belong to the same region and ij 
(o another one. Then, subtracting the equations (122) one from 
the other we conelude, in connection with (121): 
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Bl Hong erEeNk=i,.,n-i| (m 
I EEE TEE TTS IE NO, . "| 

Under the mentioned conditions the equations (C”), (D) and (E) 
are not only necessary, but also sufficient. In fact, from (E) may 
be eoncluded, in connection with (122), since A, — A, that Vi;is 
symmetrical in / and 4, when / and % belong to the same region, 
but 7 and / do not. From (D) we conclude, in analogical way as 
we have explained in the first part of this paper, that Yiy is 
symmetrical in / and %k, when / and %& belong to different regions, 
different from 57. (C”) tells that Vi; is symmetrical in n and k, when 
k differs froın 7. Hence these three conditions are suffieient to show 
that Vi; is symmetrical in the region Li;, and thus that i; is 
V„_ı-normal. 

When we call’) 9,P,-..p, the multiplieity of the roots 
of the algebraie characteristice equation (24), the number of 
equations ((C”) is the sum of the two-factorial products of the numbers 
Pr» Par -:-Pg and the number of the equations (D) is thrice 
the sum of the three-factorial products of these numbers. The 
number of the equations (Z) is equal to the sum of the produets 
Ph + Pk = ı) 


of the form 9% va ( 5 


13. Simplifications for the case that Ihe given congruence is 
V„_ı-normal. 

When i„ is V„-ı-normal, (C) passes into (C)) or (C,), being 
valid for the case that i; and ix belong to different regions. (D) can 
also be brought into the form (D,) and is then valid for the case 
that i,;, ix and i, belong to different regions. 

From : (97) follows for the case that ji. and i, belong to the 
same region and 1; to another: 


Hl 7 VArE I Wr 1) 
This equation can also be written in the form: 


4 
Daran ln) 


which has a formal analogy to (D,"), but which is valid under 
different conditions. But the incerement of the vector i„, when 
1) (E) is the equation (©) of Rıccı, Dei sistemi, page 312, but deduced from 
2h, and not from V —in. 

2) Compare Rıccı, Dei sistemi, p. 312. 

3) (E\) is (C,) of Rıccı, Dei sistemi, p. 814. 
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geodesically moved along the boundary of the surface-element do, 
ish n) 
4 
Dim=dokh Ki, „ren 

So (E,) demands this inerement to remain in the region formed 
by ix; and i..?°) 

Thus we have obtained the following theorem: 

II. A system of ©! Vn-ı in a Vn, whose second fundamental 
tensor, apart from determined V,r<n, has q singly determined 
principal regions R,,---, R,, but within the regions of more than 
one dimension no singly determined principal directions, belongs then 
and only then to an n-uple orthogonal system, when by moving 
perpendicular to m of the principal regions of *h, the component 
of the geodesic differential of ”h, in the manifold determined by these 
m regions, has principal regions that coincide with the m mentioned 
principal regions of ”h, and when besides the increment of in, when in 
is geodesically moved along the boundary of a surface-element in any 
principal region, remains entirely in this same principal region. 


14. Necessary and sufhcient conditions that a V„ may admit n-uple 
orthogonal Vn_ı-systems. 

The condition (D),") is a condition for the V„ in which the n-uple 
ortkogonal system exists. 1? we wish every system of n mutually 
perpendieular (n— 1)-directions in each point of the V„ to belong to 
an n-uple orthogonal V„-system, then (D,") must be valid for every 
set of four mutually perpendicular unit-vectors. It can be proved 


4 
that K can then be written in the form: 


4 


K=(a..2(4..2) (F) 


D . * . 4 
in which 2° is an arbitrary tensor. For n=3 K can always get 
this shape and, as has been proved by Cotton’), every set of three 


mutually perpendicular directions in any point of a V, can belong 


to a triple orthogonal system. It can be proved that (F') is sufficient 
for n >3 too. 


A. R.p. 64. 


°) An analogous geometrical interpretation can also be given to condition (D,2) 

Sole. ‚Gorron. Sur une gen6ralisation du probläme de la representation Sotori 
aux varieles a trois dimensions, Comptes Rendus 125 (97) 225228 compare also 
E. Gorron, Annales de Toulouse 1 (99) 385—488, Chap. II. 
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15. Addendum. 


In this paper the product i.i=x of the system R,°!) is used. 
x can be found from the dualities existing in the orthogonal group, 
on which the identifieations used in the system AR, are founded. 
Now in investigations on differential geometry these identifications 
(e.g. of i, and i,...i,) are practically not used. In this case it is 
convenient to sübstitute x by + 1, then x vanishes in all formulae, 
and the caleulation grows much easier. It has however to be 
noted, that taking +1 for x it is no longer permitted to make use 
of the identifications founded on the dualities of the orthogonal group. 


) J A. ScHoUTEN, On the direct analyses of the linear quantities etc., These 
Proceedings 21 (17) 327—341; Die Zahlensysteme der geometrischen Gröszen, 
Nieuw Archief (20) 141—156. 


Palaeontology. — “Ueber einige palaeozoische Seeigelstacheln 
(Timorocidaris gen. nov. und Bolboporites Pander)’. By Prof. 
J. Wanser. (Communicated by Prof. G. A. F. MoLENGRAAFF). 


(Communicated at the meeting of January 31, 1920). 


l. Timorocidaris gen. nov. 


Die bis jetzt bekannten palaeozoischen Seeigelstacheln zeichnen 
sich im Vergleich zu den meso- und känozoischen durch eine bemer- 
kenswerte Einförmigkeit aus. ‘As far as known, spines are very 
uniform in character within the species in the Palaeozoic, cases of 
marked deviation such as occur in some Cidaridae being almost 
unknown in these older types” sagt Jackson '). Seeigelstacheln aus 
den permischen Ablagerungen der Insel Timor zeigen, dass dieser 
Satz für das jüngste Palaeozoikum nicht mehr als zutreffend gelten 
kann. Aber auch ausserhalb der einzelnen Art herrscht hier eine 
beträchtliche Mannigfaltigkeit der Typen, ähnlich wie bei den 
Krinoiden, Blastoiden und Korallen, die allerdings einen noch weit 
grösseren Reichtum an neuen und eigentümlichen Formen aufzuweisen 
haben. 

Die Modifikationen, die bei den permischen Stacheln von Timor 
zu beobachten sind, fallen zum Teil in den Rahmen der Abänderungen, 
wie sie manche Cidariden zeigen. Wie dort erscheinen Gestalt und 
Skulptur der Stacheln innerhalb der gleichen Art in verschiedener 
Weise modifiziert, und wir wissen hauptsächlich durch Beobachtungen 
an rezenten Cidariden, dass diese Modifikationen im wesentlichen 
mit der Position der Stacheln an der Schale zusammenhängen. 
Fremdartiger ist die Modifikation des Gelenkes, das hier in einer 
Ausbildung erscheint, wie sie bisher noch bei keinem Seeigelstachel 
beobachtet worden ist. 

Am bemerkenswertesten ist in dieser Hinsicht eine Seeigelart, 
deren Stacheln bei Basleo, der bekannten reichhaltigen Fundstätte 
permischer Versteinerungen auf Timor, zu den häufigsten und 
auffallendsten Fossilien gehören. Sie sind von mir und der Expedition 
MoLEnGRAAFF’Ss in mehreren Tausenden von Exemplaren gesammelt 


!) Jackson, R. T., Phylogeny of the Echini with a revision of palaeozoic species. 
Mem. of the Boston Soc. of Nat. Hist. Vol. 7, p. 78, Boston 1912. 


697 


worden, während von den hierzu gehörigen Asseln bis jetzt keine 
Spur entdeckt werden konnte. Ich schlage für dieselben den Namen 
Timorocidaris sphaeracantha vor. 

Wie Tafelfig. 1a—c zeigt, handelt es sich zumeist um eigentüm- 
liche, knopfähnliche Stacheln mit einem annähernd halbkugelförmigen 
Körper, der auf der hemisphaeroidalen Oberseite gekörnt, auf der 
flachen Unterseite, die im allgemeinen senkrecht zur Längsachse des 
Stachels steht, glatt ist. Auf der Unterseite wächst ein kürzerer oder 
längerer Stiel oder Hals heraus, der unten durch drei Flächen spitz 
zugeschnitten wird. Das Bemerkenswerte ist nun, dass diese drei 
Flächen als Gelenkfacetten mit ausgesprochenem Krinoiden-Charakter 
ausgebildet sind. Jede Fläche (Tafelfig. 2) besteht aus einer segment- 
artigen Ligamentfläche und einer im Umriss dreiseitigen Muskel- 
fläche, die von der ersteren durch ein Querriff getrennt wird. Die 
Ligamentfläche liegt oben (distal) und zeichnet sich durch eine 
deutliche schlitzförmige Ligamentgrube aus, die Muskelfläche unten 
(proximal) und wird durch eine fast oder ganz bis an das Queıriff 
reichende Medianfurche halbiert. 

Dieser Typus zeigt nun in der Gestalt, in der Skulptur und auch 
im Gelenk mannigfaltige Abänderungen, von denen hier nur die 
wichtigsten kurz besprochen werden sollen. 

Bei der Betrachtung der Gestalt der Stacheln fällt am meisten 
auf, dass bei vielen (Fig. 5a-b) der Körper im Querschnitt nicht 
kreisrund, sondern an einer oder an mehreren Stellen seitlich mehr 
oder weniger abgestutzt ist. Das trifft für ca. °/, aller vorliegenden 
Stacheln zu. Die Körnelung der Oberseite ist bei diesen im Umriss 
häufig dreiseitigen, manchmal auch vierseitigen oder polygonalen 
Stacheln auf den sphaeroidalen Teil der Körperoberfläche beschränkt 
und auf den seitlichen abgestutzten Flächen entweder unvollkommen 
oder garnicht ausgebildet. Die meisten Stacheln haben sich also in 
ihrem freien Wachstum gegenseitig behindert und dürften somit eine 
fast geschlossene Decke, einen wahren Panzer über der Schale ge- 
bildet haben, vergleichbar mit dem Stachelpanzer, den der bekannte 
lebende Colobocentrotus Mertensü trägt. Diese Stacheln waren unbe- 
weglich oder in ihrer Beweglichkeit zum mindesten selır beschränkt. 

Andere Stacheln (Fig. 6 und 12) sind mehr oder weniger birn- 
oder keulenförmig; bei manchen (Fig. 7) tritt über dem halbkugel- 
förmigen Körper scharf von diesem abgesetzt ein zweiter ähnlich 
gestalteter auf; bei wieder anderen wächst der halbkugelförmige 
Körper am distalen Ende zu einem spitzen Kegel aus. 

Die Mannigfaltigkeit der Skulptur kommt am augenfälligsten durch 
das Auftreten von gekörnten und völlig glatten Stacheln (Fig. u 11) 

4 


Proceedings Royal Acad. Amsterdam. Vol. XXIl. 
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zum Ausdruck. Von 1768 näher untersuchten Stacheln erwiesen sich 
1546 oder 87,4 °/, als gekörnt und 222 oder 12,6 °/, als glatt. Dass 
diese beiden Modifikationen keine verschiedenen Arten oder Varie- 
täten repräsentieren, ist bei ihrer völligen Uebereinstimmung in allen 
übrigen Merkmalen als sicher anzunehmen. Es kann sich demnach 
bei den viel weniger häufigen glatten Stacheln, die mit den gekörnten 
auch durch Uebergänge verbunden sind, nur um eine durch die 
Position der Stacheln an der Schale bedingte Modifikation handeln. 
Döpsauem ‘) hat gezeigt, dass bei der Mehrzahl der Cidariden auf 
den dem Buccalfelde zunächst stehenden Stacheln die Körnelung 
ihrer Oberfläche ganz allgemein mehr zurücktritt, sodass sie häufig 
ganz glatt werden. Es ist somit sehr wahrscheinlich, dass auch bei 
Timorocidaris die glatten Stacheln vorwiegend in der Umgebung 
des Buccalfeldes auftraten. 

Fine andere skulpturelle Modifikation (Fig. 10a 5) zeigt auf der 
Oberseite des Körpers anstatt einzelner Körner oder Pusteln ein 
unregelmässiges Netzwerk von Leisten, die rundliche oder verlängerte, 
grubenartige Vertiefungen umschliessen. Diese seltene Modifikation 
ist durch zahlreiche Uebergänge mit dem gekörnten Typus verbunden. 
Zu diesen Uebergangsformen gehört u.a. der in Fig. 13 abgebildete, 
auch gestaltlich modifizierte Stachel, der auch bemerkenswert ist, 
weil die Pusteln, kurzen Leisten und Vertiefungen der Oberseite 
auf der hohen becherartigen Seitenwand des Körpers von verschieden 
starken und langen Längsleisten und Furchen abgelöst werden. 

Aehnliche, durch unregelmässige zellenartige Vertiefungen aus- 
gezeichnete Skulpturen finden sich bei Seeigelstacheln nur selten, 
so z. Bsp. bei „Cidaris” scrobieulata Braun aus den St. Cassianer- 
schichten. Man vergleiche insbesondere das von BATHER?) in Fig. 339 
auf Taf. XI abgebildete Exemplar, von dem gesagt wird: ‚The 
surface... is covered with small deep pits irregularly distributed 
and having a grannlar border apparently of fused pustules”. Aus 
diesen Worten geht klar hervor, dass nach Barkur’s Meinung die 
Wände, welche die Vertiefungen umgeben, durch eine Verschmelzung 
von Pusteln gebildet worden sind. Man kann jedoch auch annehmen, 
dass umgekehrt die Pusteln durch eine Auflösung der Wände in 
Pusteln entstanden sind und somit die zellige Skulptur die primäre 
und die körnige die sekundäre ist. Diese Auffassung dürfte vielleicht 
deshalb vorzuziehen sein, weil die zellige Skulptur bei keinem späteren 
Seeigelstachel mehr auftritt, wohl aber bei älteren Seeigeln, so 


!) Döperrein, L., Die Japanischen Seeigel. I. Teil, 1887, p- 34. 
°) Barker, F. A., Triassie Echinoderms of Bakony, Budapest 1909, p- 183, 
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bei dem permischen Timorocidaris und, wie wir unten sehen werden, 
sogar schon bei Stacheln aus dem Unter-Silur. 

Eine dritte sehr häufige Abänderung der Skulptur (Fig. 6 und 12) 
kommt durch eine mehr oder weniger ausgesprochene Anordnung . 
der Körner in parallele, gerade oder gebogene Querreihen zustande. 

Von den verschiedenen Modifikationen des Gelenkes schliesst sich 
eine sehr enge an die Stacheln mit drei krinoidenähnlichen Gelenk- 
facetten, die weitaus am häufigsten sind, an. Es sind Stacheln mit 
nur zwei krinoidenähnlichen Facetten. Die Lage und Beschaffenheit 
dieser Facetten ist genau dieselbe wie bei den dreifacettigen Stacheln. 
An der Stelle der fehlenden dritten Facette verlängert sich die 
Aussenseite des kreisrunden Stieles geradlinig nach unten. Diese 
Modifikation ist nieht allzu häufig und in ihrer Bedeutung neben- 
sächlich. Interessanter ist eine weitere Abänderung. Von 2422 genauer 
untersuchten Stacheln zeichnen sich 2150 oder 88.7 °/, durch krinoiden- 
ähnliche Gelenkfacetten aus; die übrigen besitzen am unteren Ende 
des Stachelkopfes eine konkave, mehr oder weniger tiefe Aushöhlung 
ähnlich wie ein normaler Seeigelstachel. Die Aushöhlung ist entweder 
ziemlich regelmässig schüssel- oder trichterförmig (Fig. 45) oder in 
unregelmässiger Weise: von einigen Furchen und Wülsten durch- 
zogen (Fig. 55) im Umriss gewöhnlich kreisrund, gelegentlich gerundet 
dreiseitig und hierdurch an den Umriss der drei Facetten der häufigsten 
Stacheln erinnernd. Der stielförmige Hals selbst ist wie bei den Stacheln 
mit krinoidenähnlichen Gelenkfacetten bei verschiedenen Individuen 
kürzer (Fig. 45) oder länger (Fig. 13); er kann auch ganz fehlen 
(Fig. 55), sodass die konkave Gelenkfläche nur von einem niedrigen 
Wall umgeben wird, der sie von der übrigen Unterseite des Stachels 
trennt. Die Modifikation mit einfachem konkaven Gelenk ist durch 
Uebergänge mit der durch drei krinoidenähnlichen Facetten aus- 
gezeichneten verbunden. Diese Uebergangsformen (Fig. 8 und 9 a—c) 
zeigen, dass das einfache Gelenk morphologisch nicht den drei 
krinoidenähnlichen Facetten zusammen, sondern nur einer einzigen 
entspricht. Es kann daher das konkave Gelenk nur aus einer 
krinoidenähnlichen Facette bei gleichzeitiger Reduktion der beiden 
andern oder, wenn man umgekehrt eine Entstehung des krinoiden- 
artigen Gelenkes aus dem konkaven annimmt, aus der konkaven 
Gelenkfläche nur eine krinoidenähnliche Facette hervorgegangen sein, 
während für die beiden übrigen eine Neubildung anzunehmen ist. 

Wie ist nun das Zusammenvorkommen dieser beiden Gelenktypen 
bei ein und derselben Art zu verstehen? Zunächst mag bemerkt 
werden, dass die Annahme, dass die Stacheln mit krinoidenähnlichem 


Gelenk einerseits und mit konkavem Gelenk andererseits verschie- 
46* 
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denen Arten oder Varietäten angehören, als höchst unwahrscheinlich 
beiseite gelassen werden kann. Die Uebereinstimmung dieser beiden 
Gelenktypen in allen ihren übrigen Merkmalen, der Befund, dass 
auch die Abänderungen in der Gestalt und Skulptur bei beiden Gelenk- 
typen genau dieselben sind, und schliesslich das schon erwähnte 
gelegentliche Vorkommen von Stacheln, die alle Uebergänge von dem 
einen Gelenktypus zum andern zeigen, sprechen bestimmt gegen eine 
solche Auffassung. 

Die verschiedenartige Ausbildung des Gelenkes bei Timorocidaris 
lässt sieh mit dem Zusammenvorkommen von gekerbten und glatten 
Hauptwarzen und dementsprechend mit dem Zusammenvorkommen 
von Stacheln mit gekerbtem und glattem Stachelkopf bei vielen 
fossilen Cidarisarten und bei manchen rezenten Arten von Plegioei- 
daris, Tylocidaris, Dorocidaris und Leiocidaris vergleichen. Nun 
ist nach DÖnkrLeın ') bei einer Reihe von Plegiocidarisarten, die sich 
durch gekerbte Hauptwarzen auszeichnen, das Vorkommen einer 
mehr oder weniger grossen Zahl von ungekerbten Hauptwarzen auf 
die obere Schalenhälfte beschränkt und auch von Leiocidaris, einer 
durch vorwiegend glatte Hauptwarzen ausgezeichneten Gattung, wird 
angegeben, dass es zumeist die dem Apicalfelde zunächst stehenden 
Hauptwarzen sind, die gekerbt sind. Man könnte daher daran denken, 
dass auch bei Timorocidaris die verschiedenen Gelenkmodifikationen 
mit der Stellung der Stacheln an der Schale in Beziehung zu bringen 
sind. Diese Auffassung scheint gestützt zu werden durch das Häufig- 
keitsverhältnis der beiden Gelenkmodifikationen. Denn von 2422 
näher untersuchten Exemplaren besitzen 2150 oder 88,7 °/, krinoi- 
denähnliche Gelenkflächen und 272 oder 11,3 °/, einfache konkave 
Gelenkflächen. Diese Zahlen stimmen auffallend genau mit denjenigen 
überein, die, das Verhältnis zwischen gekörnten und glatten Stacheln 
bezeichnen. Gleichwohl ist diese Auffassung nicht haltbar, wie sich 
leicht feststellen lässt, wenn man die gekörnten und glatten Stacheln 
auf die Beschaffenheit ihres Gelenkes gesondert untersucht. Dabei 
ergibt sich nämlich, dass unter den gekörnten Stacheln 87,3 °/, und 
unter den glatten 87,8°/, durch krinoidenähnliche Facetten und der 
Rest, also 12,7 bezw. 12,2 °/, durch konkave Gelenkflächen ausge- 
zeichnet sind. Unter den glatten Stacheln aus der Umgebung des 
Buccalfeldes befindet sich also ein genau ebenso grosser Prozentsatz 
. von Stacheln mit konkaver Gelenkfläche, wie unter den Stacheln 
der übrigen Schalenzonen. 


‚Auch unter allen übrigen Modifikationen der Timorocidarisstacheln 


ie: p. 42 und 43. 
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ist keine einzige ausfindig zu machen, bei der nır einer der beiden 
Gelenktypen auftreten würde. 

Es bleibt somit als wahrscheinlichste Annahme übrig, dass bei 
der gleichen Timorocidarisart in allen Schalenzonen unter einer 
überwiegenden Zahl von Stacheln mit krinoidenartigem Gelenk 
ein gewisser Prozentsatz von Stacheln mit konkavem Gelenk mehr 
oder weniger unregelmässig zerstreut auftritt. Die Art der 
Gelenkung ist labil. 

Schwieriger ist es, zu ermitteln, welche Gelenkmodifikation wir 
als die primäre und welche als die sekundäre anzusehen haben. 
Ist das krinoidenähnliche Gelenk aus dem einfachen konkaven 
hervorgegangen oder umgekehrt? 

Timoroeidaris darf zweifellos als ein in sehr eigentümlicher Weise 
spezialisierter Typus gelten. Das Vorkommen einer überwiegenden Zahl 
seitlich abgestutzter Stacheln weist auf eine sehr geringe Beweglich- 
keit, wenn nicht Unbeweglichkeit dieser Stacheln hin. Diese Erschein- 
ung dürfte wohl kaum als eine ursprüngliche gelten können, sie 
dürfte als eine Anpassung an die Lebensbedingungen auf einem Riff 
aufzufassen sein. Da nun auch die krinoidenähnliche Ausbildung des 
Gelenkes eine freie allseitige Beweglichkeit der Stacheln ausschliesst — 
je nach der Zahl der Facetten können sich die Stacheln in zwei 
oder drei Richtungen bewegen — so liegt es nahe, in der krinoi- 
denähnlichen Ausbildung des Gelenkes und dem engen Zusammen- 
schluss der Stacheln einen ursächlichen Zusammenhang zu sehen 
und anzunehmen, dass das krinoidenartige Gelenk aus einem 
einfachen konkaven entstanden ist, wobei die allseitige Beweglichkeit 
zugunsten einer besseren Verfestigungsmöglichkeit der schweren 
massiven Stacheln mit der Schale aufgegeben wurde. Wenn diese 
Auffassung die richtige ist, dann möchte man allerdings erwarten, 
dass die seitlich abgestutzten, garnicht oder nur äusserst wenig 
beweglichen Stacheln auch diejenigen sind, bei denen vorzugsweise 
das krinoidenartige Gelenk auftritt und dass umgekehrt die kreis- 
runden, in ihrem freiem Wachstum nach keiner Seite hin 
behinderten Stacheln, deren Gestalt auf keine Beschränkung der 
Beweglichkeit schliessen lässt, diejenigen sind, die hauptsächlich 
konkave Gelenkung zeigen. Wenn man das vorliegende Material 
daraufhin prüft, so ergibt sich, dass solche Beziehungen in keiner 
Weise bestehen. Bei den kreisrunden Stacheln sind beide Gelenk- 
bildungen ebenso häufig wie bei den seitlich abgestutzten. So bietet 
das Material selbst allerdings keine Stütze für die Auffassung, dass 
die Ausbildung des krinoidenähnlichen Gelenkes bei Timorocidaris 
zu dem engen Zusammenschluss der Stacheln in Beziehung zu 
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bringen ist. Auch beim lebenden Colobocentrotus ist es trotz des 
Zusammenschlusses der Stacheln zu einer panzerartigen Decke zu 
einer von der normalen konkaven abweichenden Ausbildung der 
Gelenkfläche nicht gekommen. 

Zum weiteren Vergleich mag nochmals die Kerbung der Haupt- 
warzen herangezogen werden, der DÖDERT.EIN in seinem anregenden 
Werke über die Japanischen Seeigel ein besonderes Kapitel gewidmet 
hat. Er sagt'): „Die Frage, ob die Cidariden ınit glatten oder die 
mit gekerbten Hauptwarzen den ursprünglichen Zustand darstellen, 
lässt sich nicht mit Sicherheit beantworten”, hält es jedoch für sehr 
wahrscheinlich, ‚dass unabhängig voneinander auf verschiedenen 
Linien aus Formen mit gekerbten Warzen solche mit ungekerbten 
allmählich sich herausgebildet haben”, oder m. a. W., „dass die 
Kerbung der Hauptwarzen ein Charakter ist, der bei den Cidariden 
auf verschiedenen voneinander unabhängigen Entwickelungslinien 
‚allmählich verloren gegangen ist”. Die kompliziertere Gelenkver- 
bindung wäre somit hier als der ursprüngliche Zustand, die einfachere 
als der spätere anzusehen. Ob wir diese Erfahrung auf die ver- 
schiedenen Ausbildungen des Timoroeidarisgelenkes übertragen dürfen, 
lässt sich zur Zeit wohl nicht entscheiden. Immerhin scheint der 
Schluss, dass auch bei Timorocidaris die krinoidenartige Ausbildung 
des Gelenkes die primäre und die einfache konkave die sekundäre 
ist, eine gewisse und vielleicht sogar ebenso grosse Berechtigung zu 
besitzen wie die umgekehrte Annahme. 

Wie dem aber auch sein mag, das Bemerkenswerte bleibt jeden- 
falls das Vorkommen eines Gelenktypus bei palaeozoischen Echiniden, 
der mit demjenigen gewisser Krinoiden vollkommen übereinstimmt. Es 
ist das ein neuer Konvergenzfall, der in die Reihe derjenigen Erschei- 
nungen gestellt werden kann, die Eımzr als ‚unabhängige Entwicklungs- 
gleichheit” oder „Homöogenesis” bezeichnet. Denn der gleiche Charakter 
gelangt hier bei ganz verschiedenen Gruppen selbständig zur Aus- 
bildung. F 

Die Art der Verbindung und Befestigung der Timorocidarisstacheln 
mit der Schale ergibt sich aus der Beschaffenheit des Stachelkopfes 
und der Gelenkfacetten. Die nach unten zugespitzte Form des mit 
den Gelenkfacetten besetzten Stachelkopfes und das Vorhandensein 
eines Querriffes in jeder Facette, das ein Widerlager erfordert, lässt 
darauf schliessen, dass der seitlich facettierte Stachelkopf nicht auf, 
sondern in dem Warzenkopf gesessen hat, wie es Textfig. 1 sche- 
matisch veranschaulicht. 


1) l.c.,.p. 37, 38. 
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Die zu diesen Stacheln gehörigen Warzenköpfe müssen demnach 
eine der Form des Stachelkopfes annähernd entsprechende Vertiefung 


Fig. 1. Schematischer Längsschnitt durch zwei Stacheln 
von Timorocidaris sphaeracantha Wann. X 2. Links ein Stachel 
‘mit krinoidenartigen Gelenkfacetten, rechts ein Stachel mit 
einfachem konkaven Gelenk. Gh, Gelenkhöcker. Gp, Gelenk. 
H, Warzenhof. M, Muskelfläche mit der unteren Muskelschicht. 


L, Ligamentfläche mit der oberen 


Muskelschicht. R, Querriff. 


besessen haben und auch sehr gross gewesen sein. Zur Anheftung der 
Muskeln dienten ausser den Muskelflächen wahrscheinlich auch die 


Fig. f& 


Fig. 2. Schematischer Längsschnitt durch 
eine Stachelbasis S und den Gelenkhöcker 
Gh eines normalen Seeigelstachels, M], Ms, 
äusserer und innerer Muskelmantel. B, 
Bindegewebesubstanz. Vereinfacht nach 
Lupwıe -Hamann, Seeigel in Bronn’s Klassen 
und Ordnungen des Tierreichs. 


Ligamentflächen. Nachdem jetzt 
von Hamann ') u.a. bei den Arm- 
gliedern rezenter Krinoiden auch 
die dorsalen Fasern als echte Mus- 
kelfasern gedeutet werden, scheint 
mir diese Annahme die zutref- 
fendste zu sein. Es wäre demnach 
eine innere (untere) und äussere 
(obere) Muskelschicht und somit 
eine, allerdings nur äussere Aehn- 
lichkeit mit der Muskulatur eines 
normalen Seeigelstachels vorhan- 
den, wo diese bekanntlich gleich- 
falls aus einer äusseren und einer 
inneren Schicht besteht, die den 
Gelenkkopf wie ein doppelter 
Mantel umgibt. (Siehe Textfig. 2). 


Auch bei der durch eine konkave Gelenkfläche ausgezeichneten 
Stachelmodifikation von Timorocidaris muss die Gelenkfläche zur 


1) Bronn’s Klassen und Ordnungen des Tier-Reichs. Il. Bd. 3 Abtlg. Echino- 


dermen, p. 1463. Leipzig 1905. 
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Anheftung der Muskulatur gedient haben. Denn ausserhalb des flachen 
Randes, der die Gelenkfläche umgibt, ist kein Platz für die Befesti- 
gung von Muskeln, wie die Oberflächenbeschaffenheit des Halses 
zeigt. Dementsprechend ist auch über diesem Rande keine Spur eines 
Ringes vorhanden. Diese konkave Gelenkfläche lässt sich daher nicht 
ohne weiteres vergleichen mit der Gelenkpfanne am unteren Ende 
eines normalen Seeigelstachels, wo sich die Stachelmuskulatur 
bekanntlich zwischen dem Ring und dem unteren Rande, der die 
vertiefte Gelenkfläche umgibt, anheftet. Der glatte Rand, der bei 
Timorocidaris die konkave Gelenkfläche umgibt, entspricht daher 
dem Ringe und nicht dem unteren Rande des normalen Seeigel- 
stachels; er entspricht ferner dem oberen Rande der Ligamentfläche 
bei den Timorocidarisstacheln mit krinoidenähnlichen Facetten, wie 
die schon oben besprochenen Uebergangsformen zwischen den beiden 
Gelenkmodifikationen von Timorocidaris zeigen. 

Die gleiche Gelenkausbildung wie bei der durch eine konkave 
Gelenkfläche ausgezeichneten Stachelmodifikation von Timorocidaris 
treffen wir u.a. bei den Stacheln von Bothriocidaris und auch bei 
mesozoischen Cidariden noch gelegentlich an. So sagi QUENSTEDT !) 
von den Stacheln von Cidaris elegans aus dem weissen Jura: „Ein- 
zelne Individuen (Taf. 62 Fig. 8) haben keine Spur eines Halsringes”, 
ung von Ütdarıs coronatus: „Besonders hervorzuheben sind die 
Gelenkgruben ohne Gelenkkopf, bloss mit scharfem Rande”. Auch 
bei Cidaris marginatus, florigemma u.a. kommen nach QUENSTEDT 
Stacheln vor, die des Gelenkkopfes ermangeln. 

Die starke Ausbreitung der glatten Unterseite der meisten Timoro- 
cidarisstacheln lässt auf grosse Warzenhöfe schliessen. Diese Warzen- 
höfe dürften zumeist ineinander geflossen und die Scerobieularringe, 
soweit solche überhaupt vorhanden waren, vielfach unterbrochen 
gewesen sein, da die meisten Stacheln sich gegenseitig berührten 
und zum Teil dicht aneinander geschlossen waren. Dazu kommt 
noch die schon erwähnte grosse Ausbildung der Hauptwarzen. Das 
sind alles Merkmale, durch die sich nach DÖöDERLEIN ?) die heute 
lebenden Cidariden in jugendlichem Alter auszeichnen; sie können 
deshalb als primitive Merkmale aufgefasst werden. Auch die knopf- 
förmige Gestalt der Stacheln ist ein primitives Charaktermerkmal, 
wie die Ontogenie der Cidariden zeigt. „A young spine of a cidarid 
is short, broad, and distally rounded and reminds one of the character 
of the spines of Colobocentrotus”, sagt Jackson. ’) Als weitere Merk- 

!) QuEnstept, F. A., Petrefaktenkunde Deutschlands. Echiniden, p. 41 und 50. 


2) l.c. p. 27. 
RAN 
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male, die wahrscheinlich als ursprüngliche anzusehen sind, sind 
schliesslich noch die eigentümliche Ausbildung des Gelenkes, insbe- 
sondere auch das Fehlen eines Ringes und das gelegentliche Auftreten 
einer netzartigen Skulptur an Stelle der Körnelung zu nennen. 


- 11. Bolboporites Pander. 


Die Timorocidarisstacheln geben uns in mehrfacher Hinsicht den 
Schlüssel für das Verständnis der von Panper ') schon 1830 unter 
dem Namen Bolboporites beschriebenen eigentümlichen Fossilien aus 
dem Unter-Silur von Russland, deren wahre Natur bis jetzt nicht 
richtig erkannt worden ist. : 

Die Panper’schen Bolboporiten?) (Fig. 14 und 15) sind bekanntlich 
mehr oder weniger kreiselförmige, halbkugelförmige oder stark abge- 
plattet-kugelige, aus spätigem Kalk bestehende massive Körper. Die 
äussere Oberfläche dieser Körper ist mit eigentümlichen zelligen, 
unregelmässig eckigen oder abgerundeten, nur wenig tiefen Grübchen 
versehen, die umso länger und breiter werden, je mehr sie sich der 
Unterseite des Körpers nähern. Die Unterseite ist glatt und zeigt 
in der Mitte oder noch häufiger dem Rande genähert eine kleine 
Grube, zuweilen auch noch einige weitere unregelmässige Eindrücke. 

Nach PanDer stehen die Bolboporiten am nächsten den Dactyloporen 
also den früher für Foraminiferen gehaltenen Kalkalgen. BRoNN 
1848°) bezeichnete Bolboporites als „Bryozoorum foss. gen. Cala- 
moporae affine”. Die meisten späteren Autoren haben diese Gattung 
zu den tabulaten Korallen, zumeist in die Nähe von Favosites gestellt, 
so Mırn#e EpwaArns und Haımk 1852 *), DE Fromenten 1858), EICHWALD 
1860°), Zırtev 18797) und Quenxstepr 1881 °), letzterer allerdings 
mit grosser Reserve, da diese tabulate Koralle „aus spätigem Kalk 
besteht, wie wir es bei Stacheln von Echinodermen zu finden gewohnt 
sind.” Brösser 1882°) hielt die Stellung dieses rätselhaften Gebildes 

D) Paper, Beiträge zur Geognosie Russlands 1830, p. 107. 


2) Die besten Beschreibungen und Abbildungen finden sich bei Panper (l.c.), 
EıcuwaLp (Lethaea rossica) und Quenstenr (Petrefaktenkunde Deutschlands, 
Echiniden). 

3) Bronn, H. G., Index palaeontologicus, p. 170. 

4, MıLne Epwarns and J. Harme, Monogr. des Polypiers fossiles des terrains 
pal&ozoiques, p. 246. 

5) DE FROMENTEL, E., Introduction a l’&tude des Polypiers fossiles, p. 269. 

6, EıcHwALn, Lethaea rossica, I, p. 49. 

7) Zırret, K. A., Handbuch der Paläontologie I. Bd. 2. Lfg. p. 236. 

3) ()UENSTEDT, F. A., Petrefaktenkunde Deutschlands I. Abtlg. 6. Bd. Die 
Röhren- und Sternkorallen, p. 58. 

9) BRöGGER, W. C., Die silurischen Etagen 2 und 3 im Kristianiagebiet und 


auf Eker, p. 43. 
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für noch ganz unermittelt. Erst Linpström ist 1883) als erster 
mit Bestimmtheit für die Echinodermen-Natur dieses Fossils ein- 
getreten, indem er sagt: „There can be no doubt left, that the 
fossils commonly named Bolboporites are neither corals nor bry0zoa, 
but, as is evidently shown by their intimate structure, parts of the 
skeleton of some Fehinodermatous animal, possibly some unknown 
stariish, amongst the recent ones of which blunt loosely affıxed 
spines of nearly the same appearence often oceur”. 1888 spricht 
Linpström ?), worauf mich Herr G. Horm in freundlicher Weise 
aufmerksam machte, nochmals von Bolboporites als „Fragments 
of some unknown Ecehinoderm, as shown by its intimate, cha- 
racteristie structure”. Auch JasrkkL und von WOEHRMANN 1899 °) 
sind sieh über die Echinodermennatur -dieses Fossils im Klaren 
gewesen. von WORHRMANN war jedoch merkwürdigerweise geneigt 
anzunehmen, dass die Bolboporiten im Innern der Theca zweier 
Chiroerinusarten ihren Platz hatten, wozu Jarker bemerkt: „Ich 
weiss nicht recht, welchen Platz und welche Funktion ein soleher 
massiger Körper im Innern der Theca gehabt haben soll. In Betracht 
könnte wohl nur die Möglichkeit kommen, dass diese Körper ur- 
sprünglich sehr porös als innere Madreporenfilter funktionierten. Die 
hufeisenförmige Narbe, die sich bei ihnen auf der einen flachen 
Seite findet, entspricht etwa in Form und Grösse der äusseren 
Oeffnung des primären Steinkanales und könnte diesem also innen 
angesessen haben als Eingangsoeffnung in den Filter”. 

Seitdem scheint dieses interessante und merkwürdige Fossil ganz 
in Vergessenheit geraten zu sein. Es wird in keinem neueren 
Lehrbuche der Palaeozoologie erwähnt. Da die Bolboporiten in den 
Sammlungen weit verbeitet sind, kann es sich nicht um sebr selten 
vorkommende Fossilien handeln. Nach BröseErR sind sie im 
Kristianiagebiet im oberen Teil des Expansus-Schiefers „überall 
ganz häufig”. Massenhaft kommen sie indes, wie mir Herr G. Horm 
in Stockholm auf meine Anfrage in freundlicher Weise mitgeteilt 
hat, nach seinen Erfahrungen wohl nirgends vor. 

Die Bolboporiten liegen überall in Unter-Silur. Sie sind besonders 
in der Gegend von St. Petersburg bei Zarskoje, Pulkowa, Ropscha, 
am lLiynnofluss bei Koltschanovo (Kalkschanovo) und an anderen 
Stellen im Örthocerenkalk und im oberen Teil des Glaukonitkalk- 


!) LinDstRöM, G., Index to the generic names applied to the corals of the 
palaeozoic formations. Bihang till K. Svenska Vet.-Akad. Handl. Bd. 8, Nr. 9, p- 7. 

2) Linpstköm, G., List of the fossil faunas of Sweden. I. Cambrian and Lower 
Silurian, p. 10. Stockholm 1888. 

%) JAEKEL, O., Stammesgeschichte der Pelmatozoen, p. 246. Fussnote. 
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steins verbreitet‘). In Schweden finden sie sich nach Linpström 
(1888, l.e.) im „Lower Gray Orthoceratite Limestone” und im 
„Ohasmops Limestone”, im Kristianiagebiet, wie erwähnt, im 
oberen Teil des vorwiegend kalkigen „Expansus-Schiefers”. Auf Irland 
scheinen sie in der Landschaft Waterford im höchsten Teile der 
Etage 2 der ‚„Tramore Limestone Series” vorzukommen 3° 

Ich glaube nun, diese Fossilien mit Bestimmtheit als Seeigel- 
stacheln ansprechen zu können. 

Unter den Merkmalen der Gattung Bolboporites ist die zellige 
Beschaffenheit der äusseren Oberfläche zweifellos dasjenige, das früher 
für die Deutung dieses Fossils als tabulate Koralle oder Bryozoe 
den Ausschlag gegeben hat. Quenstent und besonders LiNnDSTRÖM 
haben erkannt, dass eine solche Deutung an der spätigen Natur 
der Bolboporiten ohne weiteres scheitern muss. Eine Erklärung für 
die eigentümliche Oberflächenstruktur haben sie indes nicht geben 
können. Durch das Auftreten einer ganz ähnlichen Skulptur bei 
manchen Stacheln von Timorocidaris sphaeracantha und bei den 
schon oben erwähnten Stacheln von ‚„Cidaris” scrobieulata BRAUN 
ist das Vorkommen zelliger Skulpturen auch bei Seeigelstacheln 
erwiesen und steht also mit der Deutung der Bolboporiten als 
Seeigelstacheln nicht im Widerspruch. Der hauptsächlichste, aber 
unwesentliche Unterschied, der sich zwischen der Skulptur der 
Bolboporiten und derjenigen der genannten permischen und triadischen 
Stacheln ausfindig machen lässt, ist der, dass bei Bolboporites die 
Wände, welche die Vertiefungen umgeben, ganz glatt sind und 
abgesehen von den Stellen, wo sich die Wände benachbarter Zellen 
vereinigen, keine Körner oder Pusteln erkennen lassen. Das würde 
für die oben geäusserte Auffassung sprechen, dass die Netzskulptur 
ein ursprünglicher Zustand ist, und dass aus ihr die Körnelung 
durch Auflösung der Wände in Körner hervorgegangen ist. Vielleicht 
tritt die zellige Skulptur bei den ältesten Seeigelstacheln überhaupt 
häufiger auf, als es heute den Anschein hat. Es sei hier kurz auf die 
Fossilreste hingewiesen, die EıchwAnp*) als Seeigelstacheln beschrieben 
und abgebildet hat mit dem Bemerken, dass sie wahrscheinlich zu 
seinem Bothriocidaris globulus gehören. Zwar hat später Fr. ScHMmipr ‘) 


}) Schmipr, F., On the Silurian strata of the Baltie provinces of Russia. 1882. 
Quart. Journ. of the Geol. Soc. Vol. XXXVII, p. 519. 

2) Reed, F. R. C., The lower palaeozoic bedded rocks of coumty Waterford. 
Quart. Journ. Geol. Soc. Vol. LV, p. 732. 189. 

3) EıCcHwALD, Lethaea rossica, Bd. I p. 655, Tab. XXXI, fig. 23 a, b. Stuttgart 
1860. 

4) ScHMIDT, FR., Ueber einige neue und wenig bekannte baltisch-silurische 
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gezeigt, dass die Stacheln von Bothriocidaris globulus eine ganz 
andere Beschaffenheit besitzen, und dass die von EiIcHWALD als 
Stacheln zu dieser Art eitierten Stücke von Pulkowa nichts damit 
zu tun haben. Ob sie jedoch, wie Schmipr meint, eher als kleine 
Bryozoen anzusehen sind, scheint mir noch recht zweifelhaft zu sein. 
Nach der ausführlichen Beschreibung und den Abbildungen EıchwaLp’s 
scheinen alle Merkmale für einen Seeigelstachel mit zelliger 
Oberflächenstruktur zu sprechen. Leider fehlt mir das Material, um 
diese Frage entgiltig zu entscheiden. 

Für das Verständnis der Bolboporitenskulptur als Seeigelstachel- 
skulptur ist ferner von Belang, dass die einzelnen Zellen umso 
länger und grösser werden, je mehr sie sich der Unterseite nähern, 
eine Erscheinung, die, wie oben gezeigt wurde, in ganz ähnlicher 
Weise bei einigen Stacheln von Timorocidaris auftritt; ferner, dass 
„die Zellen häufig”, wie schon Panper bemerkt, ‚‚in einer gewissen 
Ordnung aneinandergereiht erscheinen, indem sie in konzentrischen 
einander berührenden Kreisen liegen”, eine Anordnung, zu der auch 
die Körner bei vielen Seeigelstacheln neigen. 

Schliesslich ist auch die glatte Beschaffenheit der Unterseite ein 
Merkmal, das, wie die glatte, flache Unterseite der Timorocidarıs- 
Stacheln zeigt, gleichfalls für einen Seeigelstachel spricht. So lässt 
sich also die Oberfläche der Bolboporiten nach allen ihren Eigen- 
tümlichkeiten als Seeigelstachelöberfläche auffassen. 

Noch wichtiger ist das Vorhandensein einer echten Gelenkfläche 
auf der Unterseite der Bolboporiten. Sie ist von den meisten Autoren 
zwar bemerkt, aber nur als Grube” oder ‚Vertiefung” angesprochen 
worden. Selbst von einein so ausgezeichneten Beobachter wie 
Quenstept, der übrigens, wie alle übrigen Forscher mit Ausnahme 
von Paxper die Bolboporiten mit ihrer Spitze nach unten abbildet, 
wird sie mit der Bemerkung abgetan: „Die Oberseite hat eine grosse, 
schwer zu reinigende Grube”. Der richtigen Deutung am nächsten 
ist anch hier schon Panper gekommen, indem er sagt, dass die Grube 
daraufhin zu weisen scheint, dass die Unterseite der Bolboporiten 
„vielleicht auf einem Stiele getragen wurde”. 

An mehreren gut erhaltenen Exemplaren (Fig. 14 a—c) des Bonner 
Museums vom Fiusse Lynno bei Koltschanovo (Gouvernement 
St. Petersburg) auf die mich Herr Prof. Steiınmann in freundlicher 
Weise aufmerksam gemacht hat, zeigt diese Grube folgende Be- 
schaffenheit: Im Umriss ist sie verlängert elliptisch, in der Mitte 
jedoch eingeschnürt, sodass sie in zwei mehr oder weniger gleiche 


Petrefacten. Mem. de l’Acad. imp. des Sciences de St.-Petersbourg. VII. ser.t. XXI 
N. 11, p. 41. 1874. 
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Hälften zerfällt. Soweit die Stücke im Querschnitt nicht vollkommen 
kreisrund sind, ist ‚die längere Achse der Grube zu dem grössten 
Querdurchmesser des Stachels annähernd parallel. Die Grube ist in 
der Regel von einem niedrigen Wall umgeben, ähnlich wie die 
konkave Gelenkfläche solcher Timorocidaris-Stacheln, bei denen der 
Hals und der Stiel sehr stark verkürzt ist. (Vgl. Fig. 4a, b). Dieser 
Wall kann demnach als ein stark verkürzter oder noch unvollkommen 
entwickelter stielförmiger Hals aufgefasst werden. Auf einer Seite 
wird er da, wo er eingeschnürt ist, von einer schlitzartigen Furche 
unterbrochen, auf der entgegengesetzten Seite, die bei einer excen- 
trischen Lage der Grube zugleich diejenige ist, die dem Rande der 
Unterseite genähert ist, zieht sich von der Einschnürung des Walles 
ein schwacher Rücken in die Tiefe der Grube hinab, ohne jedoch 
den Sehlitz zu erreichen. Bei anderen Exemplaren (Fig. 15) fehlt 
der Wall, und der Schlitz liegt in der Tiefe der Grube. Es ist 
selbstverständlich, dass eine so ausgesprochen bilateral symmetrische 
Ausbildung des Gelenkes nur eine Bewegung in zwei diametral 
entgegengesetzten Richtungen erlaubte. 

Die merkwürdige Beschaffenheit dieser Vertiefung konnte in der 
Tat kaum für einen Seeigelstachel sprechen, solange eine von der 
normalen wesentlich abweichende Ausbildung der Gelenkfläche von 
keinem Seeigel bekannt war. Zwar hat schon Scavntze 1866 ') seine 
Gattung Xenocidaris auf die abweichende Bildung der Gelenkfläche 
dieser in Eifeler Mittel-Devon vorkommenden Stacheln gegründet. 
Bei Xenoeidaris zeigt sich „statt der knopfförmigen Verdickung der 
Basis eine concave perforierte Gelenkfläche, jedoch ist dieselbe nicht 
gleichmässig.eingesenkt, sondern stark ausgekerbt, sodass der Stachel 
sattelartig auf dem ihm entsprechenden Tuberkel aufruht’”’. Diese 
Gelenkbildung ist jedoch bei weitem nicht so aberrant wie diejenige 
von Bolboporites. Sie scheint mir zwischen dem Gelenktypus, wie 
ihn die Timorocidarisstacheln mit konkavem Gelenk zeigen, und dem- 
jenigen der normalen Seeigelstacheln zu stehen. 

Die Timorocidarisstacheln zeigen nun zum erstenmal, dass bei palae- 
ozoischen Seeigeln auch andere, von der normalen stark abweichende 
Gelenkbildungen möglich sind. Es liegt somit kein Grund mehr vor, 
der gegen die Deutung der Bolboporitengrube als Gelenkgrube sprechen 
könnte. Die richtige Deutung dieser Grube wurde vielleicht auch 
durch ihre wenig konstante Lage erschwert. Die Grube liegt nämlich 
bald in der Mitte der Unterseite, bald mehr oder weniger excen- 
trisch dem Rande genähert. Bei genauerer Betrachtung zeigt sich 


ı) Sokurtze, Monographie der Echinodermen des Eifler Kalkes, p. 14. 
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jedoch, dass die Lage der Grube auf der Unterseite keineswegs 
eine willkürliche ist. In der Mitte liegt sie bei den mehr oder weniger 
radialsymmetrischen Bolboporiten (B. semiglobosa und B. mitralis), 
exzentrisch stets bei den hornförmig gekrümmten (B. uncinata) und 
zwar so, dass sie sich stets nach derjenigen Richtung verschiebt, 
nach der sich die distale Spitze des Bolboporiten krümmt. Verbindet 
man die distale Spitze mit der Gelenkfläche durch eine Gerade, so 
steht diese letztere mehr oder weniger senkrecht auf der durch die 
Peripherie des Stachels gelegten Ebene. 

Panoer hat unter den ihm vorliegenden Bolboporiten auf Grund 
der äusseren Gestalt der Körper und der Grösse der Zellen vier 
Formen (B. semiglobosa, triangularis, uncinata, mitralis) unterschieden. 
EicHwALD vereinigte diese in einer einzigen Art (D. mitralis). Dass 
er damit das Richtige getroffen hat, dürfte jetzt kaum mehr zweifel- 
haft sein, nachdem wir glauben, den Nachweis erbracht zu haben, 
dass es sich bei den Bolboporiten um Seeigelstacheln handelt. Es 
liegt jetzt nahe, die Panpsr’schen Formen als Stachelmodifikationen 
aufzufassen, die am gleichen Individuum in verschiedenen Schalen- 
zonen auftraten und anzunehmen, dass der Pınper’sche DB. mitralıs 
vielleicht vorwiegend auf die Umgebung des Apicalfeldes, die 
semiglobose Form auf die Umgebung des Buccalfeldes beschränkt 
war, während die beiden übrigen Formen (D. uneinata und triangu- 
larıs) Stacheln der dazwischen liegenden Schalenzonen sind. Dass 
sich, wie PANDER sagte, „nicht viele Uebergänge von der einen Form 
zur andern finden lassen”, steht mit der Deutung dieser Formen als 
verschiedene Modifikationen derselben Stachelart nicht in Wider- 
spruch. Der Eıcnwanp’sehe B. stellifer dürfte hingegen einer von B. 
mitralis verschiedenen Art angehören. 

Die Tatsache, dass bis jetzt noch nie eine Assel der Bolboporiten- 
schale gefunden wurde, kann selbstverständlich nicht als Einwand 
gegen die Deutung der Bolboporiten als Seeigelstacheln vorgebracht 
werden. Das Gleiche ist, wie oben bemerkt, bei den Timorocidaris- 
‚und vielen anderen Seeigelstacheln der Fall. Es sei nur an Xeno- 
cidaris aus dem Mittel-Devon der Eifel und an die zahlreichen 


Stacheln aus der oberen Trias von St. Cassian und vom Bakony 
erinnert. 


Zusammenfassung. 


Als wesentlichste Ergebnisse der vorangehenden Ausführungen 
sind hervorzuheben : 


Seeigelstacheln sind im Palaeozoikum in einer grösseren Mannig- 


711 


faltigkeit der Typen vertreten, als man dies bisher annehmen konnte. 

Auch innerhalb der Art treten im Palaeozoikum schon dieselben 
mannigfaltigen Modifikationen wie bei manchen späteren Cidariden 
auf. 

Zu diesen Abänderungen der Gestalt und Skulptur gesellt sich bei 
Timorocidaris sphaeracantha gen. nov. et sp. nov. aus dem Perm 
von Timor eine sehr bemerkenswerte Modifikation des Gelenkes. 
Bei den meisten Stachelindividuen dieses neuen Typus besteht das 
Gelenk aus drei Facetten von ausgesprochenem Krinoiden-Charakter, 
eine Ausbildung, wie sie bisher von keinem andern Seeigel bekannt 
geworden ist; bei anderen, weniger häufigen Individuen ist eine 
einfache konkave Gelenkfläche vorhanden, die nicht mit der Gelenk- 
pfanne am unteren Ende eines normalen Seeigelstachels verglichen 

werden kann. 

Die unter dem Namen Bolboporites beschriebenen Fossilien aus 
dem Unter-Silur von Russland nnd Skandinavien sind als Seeigel- 
stacheln zu deuten. Es sind somit die ältesten Echinidenreste, die 
wir kennen. Die auffallende zellige Oberflächenskulptur der Bolbo- 
poriten steht mit dieser Deutung durchaus im Einklang. Sie ist als 
altertümliche, auch noch in der Trias vorkommende Stachelskulptur 
anzusehen. Die Grube auf der Unterseite der Bolböporiten ist eine 
echte Gelenkgrube und als ein weiterer neuer Typus der Gelenk- 
bildung bemerkenswert. 

Bei den palaeozoischen Seeigelstacheln kommen somit verschiedene 
Gelenkbildungen vor. Als solche sind zu nennen: 1. Das Bolbo- 
poritengelenk; 2. das Krinoidengelenk (bei 7imorocidaris); 3. das 
konkave Gelenk bei Stacheln ohne Ring und ohne Verdickung des 
Stachelkopfes (Timorocidaris, Bothriocidaris u.a.); 4. das Xenocida- 
risgelenk ; 5. das konkave (normale) Gelenk mit oder ohne Kerbung 
des unteren Randes an Stacheln mit verdicktem Stachelkopf und 
mit Ring (Archaeoeidaris u.a.). Für die beiden ersten Typen ist 
bezeichnend, dass sie nur eine beschränkte Beweglichkeit in 
wenigen Richtungen, für die übrigen, dass sie eine allseitige Beweg- 
lichkeit gestatten. Die Gelenkbildung war somit bei den palaeo- 
zoischen Seeigeln noch nicht so konsolidiert wie das bei den 
späteren Seeigeln der Fall ist. Die Natur hat ursprünglich auf ver- 
schiedene Weise versucht, die Stacheln mit der Schale zu verbinden, 
aber doch unfähig, die Art der Gelenke unbegrenzt abzuändern, 
hat sie in zwei verschiedenen Tiergruppen die gleiche Form der 
Gelenkftlächen hervorgebracht. 
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TAFELERKLÄRUNG. 


Fig. 1—13. Timorocidaris sphaeracantha gen. nov. et spec. NOV. aus dem 
Perm von Basleo, Insel Timor. 
Fig. 1. Häufigster Stacheltypus mit gekörnter Oberfläche und krinoidenartigen 
Gelenkfacetten. a. Von der Seite. b. Von der Unterseite. Nat. Gr. c. Skulptur der 


Körperoberfläche X 4. 

Fig. 2. Gelenkfacette X 5. 

Fig. 3. Glatter Stachel mit ausgehöhlter Unterseite und verkürztem Hals. «. Von 
der Seite. Nat. Gr. d. Von der Unterseite X 2!/g. 

Fig. 4. Stachel mit konkaver Gelenkfläche. a. Von der Seite. Nat. Gr. 5b. Von 


der Unterseite X 21/.g j 

Fig. 5. Seitlich abgestutzter Stachel. Nat. Gr. a. Von der Seite. db. Von der 
Unterseite. 

Fig. 6. Keulenförmiger Stachel. Körner in parallelen Querreihen angeordnet. 
Von der Seite. Nat. Gr. 

Fig. 7. Fast glatter Stachel mit eingeschnürtem Körper. Von der Seite. Nat. Gr. 

Fig. 8. Mittlere Partie eines Stachels von :der Unterseite mit dem Gelenk. X 4 
Zeigt vom Beschauer abgewandt eine grosse konkave Gelenkfläche, dem Beschauer 
zugewandt zwei unvollkommen krinoidenähnliche Facetten. 

Fig. 9. Stachelkopf. X4. a. Von der Unterseite. Zeigt eine grosse konkave 
Gelenkfläche und zwei seitliche, unvollkommen krinoidenähnliche Facetten. 5 und ce. 
Letztere von der Seite (spiegelbildlich) gesehen. 

Fig. 10. Stachel mit zelliger Oberflächenskulptur. a. Von der Seite. N. Gr. 
b. Von oben X 21jg. i 

Fig. 11. Kleiner glatter Stachel mit diekem Hals. 

Fig. 12. Birnförmiger Stachel mit + parallelen Körnerreihen. 


Fig. 13. Stachel mit seitlich stark verlängert-zelliger Oberflächenskulptur. 


Fig. 14—15. Bolboporites mitralis Pander aus dem russischen Unter-Silur. 


Fig. 14. Vom Lymnofluss bei Koltschanovo. a. Von der Seite. db. Von der 
Unterseite. Nat. Gr. c. Gelenk auf der Unterseite X 6. 

Fig. 15. Von Pulkowa. a. Von der Seite. d. Von der Unterseite. Nat. Gr. 
c. Gelenk auf der Unterseite X 6. 


Die Originale zu den Figuren 6 und 13 befinden sich in der Sammlung MOLENGRAAFF’S 
in der Technischen Hochschule Delft, alle übrigen im geolog. pal. Museum der 
: Universität Bonn. 


Physiology. — “Concerning Vestibular Eye-reflexes. II. The Genesis 
of cold-water nystagmus in rabbits”. By Dr. A. ps Kıryn and 
Dr. W. Storm van Leruwen. (Communicated by Prof. R. Maanos). 


(Communicated at the meeting of January 31, 1920). 


For an explanation of cold-water nystagmus we may have recourse 
to two theories. Barany's theory is founded on the assumption of 
a stream of endolymph in one or more semicircular canals, brought 
about by local cooling of the labyrinthwall. This will cause also the 
endolymph, present there, to cool down and to flow off to the 
lowermost part of the semiecircular canal. The ensuing Iymph stream 
stimulates the sensory epithelium of the ampulla. In case the head 
of the animal is in a position in which the ampulla lies higher 
than the cooled part of the semieirceular canal, the stream will be 
ampullofugal; if the reverse be the case an ampullopetal stream 
will result. The nystagmus elieited by each stream is of an opposite 
character. 

BarteLs holds that by douching of the meatus with cold water 
the labyrinth would be eliminated, so that the nystagmus provoked 
would be like the spontaneous nystagmus after unilateral extirpation 
‚of the labyrinth. A warm water flow would be like stimulation of 
the N. vestibularis on the same side. 

In a previous paper, issued from this institute, we have disproved 
BARTELS’S theory '). 

Moreover, it has already been contended by many other researchers. 
lt was first of all pointed out that, if Bartzıs’s conception were 
correct, a cold-water nystagmus could not possibly be elicited from 
the unimpaired ear after unilateral extirpation of the labyrinth. 
Horsr?) has phrased it so well: “dieses tatsächliche Auftreten eines 
rotatorischen Nystagmus nach der operierten Seite wäre nach Barteıs’ 


I) A. vs Kueisn and W. Storm van Leruwen. Ueber vestibuläre Augenreflexe l. 
Ueber die Entstehungsursache des kalorischen Nystagmus, nach Versuchen an 
Katzen und Kaninchen, Graefe’s Arch. 5 Bd. 94 316, 1917. 

A. ps Kıeisn and W. Storm VAN LEEUWEN. Over vestibulaire oogreflexen 
I Mededeeling. Kon. Acad. van Wetensch., Amsterdam. Wis- en Nat. Afd. Versl. 
Deel XXVI, 381, 1917. 

s) J. Horer. Untersuchungen über den calorischen Kaltwassernystagmus. 
Monatschr. f. Ohrenheilk. (1912) S. 1313. ne 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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Theorie, wie er ja selbst zugestelt, total unmöglich, weil eben das 
operierte Labyrinth fehlt und also nicht überwiegen kann über das 
gesunde, welches durch die kalte Ausspülung gelähmt werden soll; 
es sollte also nach BarteLs in so einem Fall gar kein Nystagmus 
auftreten, was aber den klinischen Tatsachen vollständig wider- 
spricht” ($. 1317 und 1318). This argument, however, is not valid. 
Becnterew’s!) wellknown experiments have shown us that when 
we extirpate a labyrinth and remove the other after some days, a 
nystagmus will oceur again in the direction’) of the labyrinth that 
was removed first. So, if the cold-water-nystagmus were resulting 
from extirpation of the labyrinth on the douched side, we might 
also expect, some days after unilateral extirpation, on douching 
the unimpaired ear, a nystagmus towards the extirpated side. Indeed, 
BartEns?) himself has suggested this interpretation. Another argument 
put forward by BartELs*) against Barany’s theory, we do not quite 
understand. In a rabbit, with one octavus cut through, a cold-water 
or a warm water flow into the meatus of the unimpaired ear could 
provoke a nystagmus only towards the unimpaired ear. This finding 
of Barteıs’s is not explained by BaranY’s theory nor even by that 
of Barters. Neither were we ever confronted with this case in a 
prolonged series of experiments°’). It is difficult to say what may 
have led to Barteıs’s abnormal experience. It would be better 
perhaps in similar experiments to perform an extirpation of the 
labyrinth than a section of the octavus, since the latter operation 
may be attended with lesions of the central nerve-system. 

Another cogent argument against the theory of Barteıs, put forward 
also by Barrers himself, is that experimenters succeeded, by provo- 
king a calorie nystagmus with various positions ofthe head in space, 
in obtaining now a nystagmus towards the non-douched ear, now 
again towards the douched one. This, indeed, is the main argument 
that turns up repeatedly in the literature. Still, it cannot be adduced 
against Barteıs’s theory without also considering that, when examining 


!) W. BECHTEREW. Ergebnisse der Durchschneidung des N. acustieus nebst Erör- 
terung der Bedeutung der semizirkulären Kanäle für das Körpergleichgewicht. 
Pflüg. Arch. Bd. 30. (1883) S. 312. 


2) In speaking about a nystagmus in a certain direction we always mean a 
nyst. with the quick component in that direction. 


SM: BARTELS, Ueber die vom Ohrapparat ausgelösten Augenbewegungen 
(Ophtalmostatik). Klin. Monatsbl. f. Augenh. Jhrg. 50. (1912) S. 200. 


#) Discussion Verh. d. Otol. Gesellsch. Frankfurt. (1911) S. 214. 


°) See F. Quiz. Ein Fall von translabyrintharisch operiertem Tumor acustieus. 
Verh. d. Otol. Gesellsch. Hannover (1912) S. 252. 
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the calorie nystagmus, with various positions of the head in space, 
tonie reflexes of the eye-muscles may occur: the so-called compen- 
satory eye-positions, which alter the position of the eye in the orbita. 
Therefore, it must be ascertained beforehand whether or no the 
spontaneous nystagmus occurring after unilateral extirpation of the 
labyrinth, alters its direction with different positions of the head in space. 

Such experiments have been carried out, for aught we know, 
only by Kuso '‘). They will be briefly discussed here: KuBo severed 
one octavus. He does not tell us how he did it, nor whether he tried 
to ascertain by a subsequent control section if the process was 
successful. It would seem from the protocols that this is highly 
doubtful. Six of the experiments are reported in detail, of which a 
short description follows here: 

Experiment 1, 4, aud 5 will not receive consideration, because in 
them the nystagmus was not examined with different positions of 
the head. 

Experiment 2. 

In this experiment a nystagmus appeared with the quick component 
towards the operated side, after section of the right vetavus had 
been performed. The nystagmus consequent on unilateral extirpation 
of the labyrinth, however, turns towards the unimpaired ear. Kuso 
adds only: “Diese Bewegungen bleiben unverändert, wenn man die 
Körperlage des Tieres ändert.” 

Experiment 3. 

Left acusticus cut through. Subsequent vertical nystagmus-move- 
ments. After a couple of hours perfectly horizontal nystagmus with 
the quick component on the operated side towards the nose. Just 
as with the vertical nystagmus this direction is the same for anyı 
position of the animal. A flow of cold water into the right meatus 
is of no influence. After the semi-eirceular canal of the right ear has 
been laid bare, the experimenter states: “Nach Einspritzen von 
kaltem Wasser ändert sich die Richtung und es tritt eine rückweise 
Bewegung nach der Nase hin auf der operierten (linken) Seite auf.” 

This, however, was also the existing direction and opposite to the 
one we can look for in the case of cold-water nystagmus from the 
right ear. Ihe vertical nystagmus also points to an imperfect section. 

Experiment 6. 

Seetion of left acustieus. First vertical, afterwards horizontal 
nystagmus (on the left with the quick component ‘towards the nose.) 


1) Kuso Ino. Ueber die vom N. acusticus ausgelösten Augenbewegungen (besonders 


bei thermalen Reizungen.) Pflüg. Arch. 114. (1906) S. 143. 167. He 
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On the right a cold-water flow : Reversion of the nystagmus. In 
ventral position right eye with quick component towards the nose. 
In other position same direction. Here, then, in calorie examination 
no influence on the direction of the nystagmus through change of 
the position of the head in space. This, no doubt, is anomalous. 
Compensatory eye-positions are no longer distinct. This again indi- 
cates tbe deficieney of the experiment. Repeated application of cold 
water in the right ear yields on the right a nystagmus with the 
quick component towards that ear. This nystagmus is not affected 
by the position of the head in space. 

The appearance of a nystagmus towards the douched ear on 
cold-water flow is the reverse of what is normally observed, 
and also the reverse of what was seen after the first washing. The 
imperfeetion of the experiment is also seen in the absence of any 
influence of the position of tlıe head in space. 

In our first communication it has been shown that in cats the 
spontaneous nystagmus after unilateral extirpation of the labyrinth, 
with different positions of the head in space, varies in nature and 
frequency, but not in direction. In our investigation of the cold- 
water nystagmus in normal animals and in animals after unilateral 
extirpation of the labyrinth, on the contrary, a considerable differ- 
ence in the direction of the nystagmus with different positions of 
the head in space, has been demonstrated. It also appeared from 
subsequent experiments with rabbits that with them the case was 
fundamentally the same. Slight variations in the direction of the 
spontaneous nystagmus after unilateral extirpation of the labyrinth, 
however, do manifest themselves here, when the position of the 
head is varied, in consequence of the compensatory eye-positions, 
to be discussed later on, whereby the place of insertion of the 
eye-muscles in the orbita is altered. In the first communication evi- 
dence was also adduced to show that Barrkrs’s conception of the 
origin of the calorie nystagmus cannot be correct. 

In the present: investigation we purpose to ascertain whether 
additional data can be collected to support the theory of BARANT, 
who ascribes the calorie nystagmus to endolymph-streams. 
There are plenty of indications in the literature; to our know- 
ledge an extensive experimental investigation has not been perfor- 
med as yet. 

Doubtless, the first question that arises is, whether douching of 
the meatus with cold-, resp. warm-water through the tympanum 
will engender such cooling down, resp. warming of the labyrinth- 
wall that endolymph streams are possible. 
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The result of a similar investigation carried on!) together with 
Prof. Maenus, was published in Grauer’s Archiv., and led to the 
following conelusion : 

“Bei Katzen, bei denen die Sympathicusbahnen zum Auge durch 
das Mittelohr verlaufen, tritt bei Ausspritzen des äusseren Gehör- 
ganges mit kaltem Wasser eine Sympathicuslähmung am Auge auf, 
die sich vor allem im Vortreten der Nickhaut äussert. Sie beruht 
auf einer Kälteparese der genannten Bahnen. Dadurch ist der Beweis 
geliefert dass beim Auslösen des kalorischen Nystagmus mit kaltem 
Wasser die Wand des Mittelohres über dem Labyrinth sich nach- 
weisbar abkühlt.” 

We now pass on to report the results of our new experiments 
on the cold-water nystagmus in rabbits. 

Our reason for selecting rabbits, while our previous experiments 
were chiefly carried out with cats, is the following: 

First, in rabbits we seldom meet with rotatory nystagmus, of 
which the direction is always diffieult to indicate. It is encountered 
in cats. The prineipal reason, however, is that in our experimenta- 
tion we made use of an inquiry into the compensatory eye-positions, 
which have been carefully determined for the rabbit in conjunetion 
with v. D. Horvr’), but are difficult of determination for the cat. 


% 


Technique of our method. 


A rabbit was suspended on an operation-board, and the head fixed 
firmly in a Ozermak-clamp. Now in order to be able to bring tbe 
animal in any given position in space, the following contrivance 
was made (Fig. 1). The operation-board p-q-r-s is fixed to a wooden 
frame P-Q-R-S in such a way that the board p-q-r-s can rotate on 
the axis U-T, while the frame P-Q-R-S is again fixed to a second 
frame A-B-C-D, so that both P-Q-R-S and p-q-r-s can rolate on the 
axis V-W. A protraetor is attached to P-Q-R-S, as well as to A-B-C-D, 
so that the degree of the rotation can be noted exactly in every 
direction. Now when the animal has been tied to the board in 
ventral position, a rotation on the axis V-W causes the animal to 
rotate on its bi-temporal axis. When moving the board round the 
axis U-T the animal turns on its oceipito- caudal- axis. When finally 


ı) A. pe Kresyv und R. Ma@nus. Sympathicuslähmung durch Abkühlung des 
Mittelohres beim Ausspritzen des Gehörganges der Katze mit kaltem Wasser. 
Graefe’s Archiv Bd. 96. (1918) S. 368. 

2) J. v. od. Horvu und A. pE KLEnN. Tonische Labyrinthreflexe auf die Augen. 


Pflüg. Arch. Bd. 169. (1917) S. 241. 
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the board p-q-r-s is first revolved 90° about U-T, so that the Eh 
is in lateral position, and when in this position the board is turne 


Fig. 1. 


about the axis V-W, the animal will revolve about its dorso-ventral 
axis. A combination of rotations round the axes U-T and V-W 
enables us to bring the animal in any given position in space. In 
all of them the direetion of the nystagmus eonsequent on a,cold- 
water flow could be determined. In the following expositions the 
rotations in the different directions are described: 

Rotation 1. 

Animal in ventral position, mouth-fissure horizontal. Rotation of 
the animal on its bi-temporal axis. Direction of rotation: head down, 
tail up. 

Rotation 11. 

Animal in ventral position, mouthfissure horizontal. Rotation of 
the animal on its oceipito-caudal axis. Direction of rotation : douched 
ear downwards. 

Rotation Ill. 

Animal in lateral position with irrigated ear downwards, mouth- 
fissure vertical. Direetion of rotation: head down, tail up. 

In these experiments the direction of the nystagmus consequent 
on a cold-water irrigation, was determined 37 times for every 
_rotation of 360°. The first determination was always made at the 
normal position of that rotation; so e.g. at rotation I: the animal 
in ventral position, mouth-fissure horizontal. After this, while the ear 
was constantly being douched, the animal was moved every time 
10° in the given direetion and the direction of the nystagmus was 
noted. At the 37!" determination the animal had come round again 
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to its original position. Then the last determination served for a 
control-estimation. A short interval after every rotation of 10° was 
required before each reading, to preclude the possibility of a nystagmus, 
resp. deviation brought about by the rotation itself. 

The irrigation of the right meatus took place from a height of 
1,5 m., the cold-water used was of a temperature of + 12° C. 
For every position in space, after it had continued for some time, 
the direetion of the nystagmus was valued and the direction of the 
rapid component was marked down. (Figs 2, 3, and 4 not corrected). 

This method does not yield perfectly reliable data; for a correet 
determination of the direction one might resort to einematographie 
photos from which to decide on the direction. However, this was 
impracticable for a large number of determinations. Still, from what 
follows here we may infer that our method of valuation of the 
direction of the nystagmus yielded useful results. 


In figs. 2—4 
— == Direction of the quick component of the nyst. towards the nose 
— » oo» » 5 » „ towards the temporal 
en » Be 55 4 ” » „ upwardsrelativeto the 
orbita. 
gu » rt ” N: » » downwards. 


Fig. 2—4 (not corrected) gives the mean of 5 experiments. 

Now, however, the question rises: what influence is exerted on 
the nystagmus by the above-mentioned tonic eye-reflexes, occurring 
in the eye-muscles (compensatory eye-positions) with different positions 
of the head in space. On p. 246 of V.o. Horvn’s research, mentioned 
above, a curve is given of the rotatory movements. 

With the aid of this eurve the directions of the calorie nystagmus 
found, were now corrected as follows 

We assume that douching with cold water, with the head in 
normal position, engenders an absolutely horizontal nystagmus with 
the quick component towards the nose. Now, when the position of 
the bead changes from the normal into another position in space, 
so that a rotatory movement of the eyes ensues, e.g. of 45° with 
the upper cornea-pole towards the temporal, the insertion-points of 
the eye-muscles, notably of the Mm. internus and externus, will 
also be changed by this rotatory movement, and the same contrac- 
tions and relaxations of these two eye-muscles, which caused with 
the normal position an horizontal nystagmus, will bring about a 
nystagmus of quite a different direction, viz. about 45° anteriorly 


upwards. 
So for instance if an horizontal nystagmus appears at the normal 


\ 
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position and at another position of the head in space, with a rotatory 


"Rotation III (no correction). 


— 270: —— 


90 ——— —2n 


Fig. 4. 


movement of 45° with the upper cornea-pole towards the temporal, 
a nystagmus of 75° anteriorly upwards, the correction is 75°—45°—30°. 
The corrected direction, therefore, ıs that direction of the nystagmus 
that would be found, if the eyes were only under the influence of 
the labyrinth-stimulant consequent on the douching, and if there were 
no compensatory eye-positions. 
Figs 2—4 illustrate our results before and after eorrection. 


RESULTS. 


As stated above, it had already been detected by BARANY, Horer, 
and others that the direetion of the nystagmus in man varies with 
different position of the head in space. This result was borne out 
by our experience. 

When examining a rabbit, first in ventral position and subsequently 
with its head hanging downwards, we found a difference of 180° 
in the direction of the nystagmus. 
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At first we supposed that, wben e.g. the nystagmus of the left 
eye on douching the left meatus was direeted anteriorly upwards 
in ventral position, and posteriorly-downwards with the head down, 
there would be an intermediate position in which there would be 
no nystagmus at all. In other words, if the nystagmus in ventral 
position is owing to an ampullo-fugal stream in the horizontal semi- 
cireular canal, and the nystagmus with the head down to an 
ampullo-petal stream, there would be no difference in the level of 
ampulla and of that portion of the semieireular canal that is cooled 
down by the douche and the nystagmus would consequently not 
appear. This proved not to be the case. True, in this reasoning the 
possibility has been eliminated of an influence of the cold water on 
the Iymph-streams in the vertical semi-circular canals. 

Considering that, although also the vertical canals may come into 
play, the horizontal canals are on account of their anatomie loca- 
tion, most exposed to the influence of the cold water, it could be 
antieipated on the ground of Barany’s theory that in the transition 
from ampullo-fugal to ampullo-petal stream in the horizontal canals, 
there would exist a short zone in which, with a slight variation 
in the position of the head, a marked change in the direction of 
the nystagmus would manifest itself abruptly. The critical point at 
which neither ampullo-fugal, nor ampullo-petal streams occur in the 
horizontal canals, so that only streams in the vertical canals can 
exert an influence here, receives a full discussion below. 

Now when looking at the corrected figures, which illustrate the 
mean result of our experiments with the several rotations, the 
following observations can be made: 


a. Rotation I. Douche of the right ear. 
Observation right eye. With the animal in ventral position the 
nystagmus is anteriorly upwards. At 20° (i.e. head 20° below the 


Fig. B. 
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horizontal plane) the direction is still the same; at 30° a slight 
deviation begins; at 50° it is much more pronounced. At 80° the 
direction of the nystagmus deviates as much as 135° from the initial 
position and at 100° the change of direetion of the nystagmus of 
180° has been completed. Something like this oecurs between the 
position of 170° and 270°. 

Observation left eye. Fundamentally the same as right eye. 


b. Rotation 11. Douche ‚of right ear. 

Observation left eye: A sudden change in the direction of the 
nystagmus takes place here between 140° and 150°. While the 
nystagmus at 140° moves posteriorly-upwards, at 150° it is already 
anteriorly upwards. A similar marked change of direction is observed 
between 310° and 320°, the direction being respectively anteriorly 
downwards and downwards. 

Observation right eye: Here it is less easy to say where the 
change of direetion takes place. Presumably also between 140° and 
150° and between 300° and 330°. That in this case the curve differs 
from all the others may be explained by the fact that the process 
of the experiments averagely represented by this curve, was very 
irregular in two out of five cases, which could not but be of 
great influence on the mean curve. There was no such irregularity 
with the left eye of these animals (which was examined on another 
day). 


c. Rotation Ill. Douche of the right ear. 

Observation left eye. Very great change of direction is found 
between 50° and 70° and a second change between 210° and 230°. 

Observation right eye. Very great change between 40° and 60° 
and a second between 220° and 240°. 

After the above facts had been ascertained, the critical point was 


Fig. 6. 
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determined for the various rotations, i.e. the point at which the 
horizontal semieirenlar canal has reached its optimal horizontality 
and consequently no or hardly any streams can exist in this canal 
after douching the meatus. This determination was performed with 
the aid of a model in wax') formerly made of the semiecircular 
canals of a rabbit, which contrivance was arranged, after the indi- 
cations of ps Burtwer and Koster’), so as to afford an exact imitation 
of their natural position in the rabbit’s skull. 

This was to the following effect: . 

With the animal in ventral position with horizontal mouth-fissure 
(Fig. 5) the level of the ampulla of the horizontal semicireular 
canal is higher than the canal itself, so that an ampullo-fugal endo- 
lymph-stream will oceur on a cold-water douche of the meatus. 

With rotation I tbe horizontal canal is approximately horizontal 
at 40° (Fig. 6). 

With rotation II the horizontal canal is approximately horizontal 
at 5027(BiENT): 

With rotation III the horizontal canal is approximately horizontal 
at 57° (Fig. 8). 

In figures 2—4 these points are indicated with crosses. At a 
glance it may be seen that a marked change in the nystagmus occurs 
at the very place where the horizontal canal is approximately horizontal. 

When taking into account the considerable individual variations 
in the position of the semieircular canals in various animals of the 
same species, and when also considering the fact that our results 
are based upon the observation of five different animals, while the 
correction for the compensatory eye positions as well as the data 


Fig. 7. 
h) H. M. pe Bunter and A. os Kram. Ueber den Stand der Otolithen- 
membranen beim Kaninchen. Pflüg. Arch. Bd. 163. (1916) S. 321. 
?, H. M. pe Büruer and J. J. J. Koster. Zur Bestimmung des Standes der 


Bogengänge und der acustica im Kaninchenschädel. Arch. f£. Anatomie und 
Physiologie. Anatomische Abteilung. (1916) 59. 
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from the model in wax, refer to an animal that does not belong to 
this series, a striking-resemblance- can be stated between the changes 
of direction observed and those that could be antieipated with 
reference to the model. 

The fact, however, is that: with none of the rotations I—III does 
the horizontal semieireular canal attain horizontality. Dr BurLer and 
Koster’s researches showed that the right horizontal semieircular 
canal is approximately horizontal when the animal turns from the 
ventral position about 30° round the bi-temporal axis with the head 
down and at the same time round the fronto-oceipital axis about 
7° to 8° with the left eye downwards. 

We examined different animals in this position, from which it 
appeared that in most cases the nystagmus had not disappeared alto- 
gether and could neither be made to disappear by applying different 
variations in the rotation round the said axes. We observed, how- 
ever, that the nystagmus-movements are very small in this position. 

Only in two cases could the nystagmus be made to disappear 
completely, viz. with a rotation about the bi-temporal axis of 37° 
in the one and 30° in the other rabbit and combined with a rota- 
tion about the fronto-oceipital axis of 5° in both animals. 

This urges us to conelude that the horizontal semicircular canal 
plays a principal part in caloric stimulation, that, however, in most 
cases also the vertical canals exert some, though a small, influence. 
This influence, however, was not such as to enable us to make an 
accurate analysis of it from the curves. 

For a positive solution of the problem it would be necessary to 
determine in one and the same rabbit the nystagmus in various 
positions of the head in space, as well as the compensatory eye- 
positions in tbe said positions and finally through microscopie exa- 
mination of the labyrinth, to determine aceurately the position of 
the semi-eireular eanals in that animal, after the method of DE 
BurtLert and KosTer. 


Fig. 8. 
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SUMMARY. 


1. The above experimental results lend support to the theory of 


BaRANY of the origin of cold-water nystagmus. The theory of BARTELS, 
on the other hand, confliets with these results. 

2. In the genesis of cold-water nystagmus the cooling down of 
the horizontal semi-eircular canal plays the principal part; however, 
in the majority of cases some influence (though little) is also to 
be assigned to the vertical semieircular canals. | 

3. Earlier inquiries by Macnus and pw Kueyn have demonstrated 
a distinet cooling of the labyrinth-walls in cats, on douching the 
meatus with cold water. 

4. Compensatory eye-positions should be taken into account when 
cold-water nystagmus with various positions of the head in space is 
observed. 


Palaeontology. — “(Quelques insectes de ! Aquitanien oe Rott, 
Sept-Monts (Prusse rhenane).” By Dr. Fernanp MevnıER. 
(Communicated by Prof. K. Marrın). 


(Communicated at the meeting of January 31, 1920). 


La faunule entomologique deerite dans ce travail est assez variee. 
Elle fait suite & des travaux anterieurs, elle signale de nouvelles 
formes, complete ou rectifie, il y a lieu, les observations de HeyDEn 
ou formule quelques remarques relatives aux anciennes descriptions 
de GERMAR. 

Dans le monde des Üoleopteres, relatons des empreintes bien con- 
servees: Anomala tumulata Herp., beau Melolonthidae et Stenus 
scribai Herp., gracieux petit Staphilinidae. Une aile de Trichoptere 
ou Phryganien appartient au nouveau genre Ulmeriella. Parmi les 
insectes metaboles mentionnons la presence, a Rott, d’interessants 
hyme&nopteres Apides des genres Andrena et Eucera et de minuscules 
Terebrantia des genres Bracon et Cryptus. D’autres metaboles ne sont 
pas moins eurieux & connaitre. Citons d’abord l’empreinte et la contre- 
empreinte d’un frele Mycetophilide, ou diptere fungicole Macquart, 
Boletina philhydra Heyp., espece si soigneusement decrite par le 
pal&ontologiste rhenan; ensuite, un Empide, _Empis melia Hrrp., 
dont le dessin du reseau des veines des ailes (nervures) manque 
d’exactitude et necessite un compl&ment de diagnose. 

Si les Bibionides sont frequents sur les schistes DE RoTT, en revanche, 
leur etat de conservation est souvent loin d’etre parfaite. Bien 
des formes de GermAaRr et de He£yDen resteront vraisemblablement 
toujours probl&matiques ou pour le moins douteuses. En effet, plu- 
sieurs des deseriptions de ces pal&ontologistes manquent de preeision 
et leurs dessins sont souvent imparfaits ou fantaisistes! Protomyia 
veterana Hero. est une espece bien critere, par sa petite taille et 
l’ensemble de ses caracteres morphologiques. Bibio heydeni n. sp. 
(B. pannosus? Heyp.) et Bibio germari n. sp. (B. lignarius? GERM.) 
sont de si bonnes especes, DE Rott, qu’il est possible de les Etudier 
{res rigoureusement et de donner de bons dessins de leurs caracteres 
les plus saillants. Les especes de Gurmar, signal&es dans son travail de 
1837, ne sont donnees iei qu’ä titre de curiosite, l’examen des insectes 
fossiles &tant encore & cette &poque tout-A-fait rudimentaire. On sait 
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TER 
que leur &tude n’a commence & ötre basee sur des donnees rigou- 
reuses, et n’a pris un reel essor, que depuis les remarquables 
travaux de feu S. H. SCUDDER. 


Description des especes. 


1. Nevroptera. 
Trichoptera. 
Genre Ulmeriella nov. gen. 
U. bauckhorni n. sp. 


Fig.1: 


Dans des travaux anterieurs,') jai deerit Phryganea ulmeri du 
Sannoisien d’Aix, en Provence, et Phryganea elegantula, de l’Aqui- 
tanien Dk Rorr’). La collection de Monsieur BAUCKHORN, de Siegburg, 
renferme l’empreinte et la contre-empreinte d’un autre Trichoptere, 
& cnrieuse morphologie de la veination (nervation) des ailes. ’) 

La nouvelle espece, representee seulement par une aile, mesure 
dix millimetres de longueur et 3 millimetres de largeur. 

Nervure sous-costale anastomosee aux trois quarts de la longueur 
du bord anterieur de l’aile, Radius simple, puis offrant deux fourches; 
son secteur sortant au delä du milieu de la longueur de l’aile, fonrche 
de ce secteur plus longue que la premiere fourche du radius; nervure 
mediane d’abord simple, & la base de l’aile, ensuite longuement 
fourchue: la branche superieure de cette fourche l’est aussi, l’infe- 
rieure est simple. Trois nervures cubitales simples et deux *) nervures 
anales qui le sont aussi. 


!) Entomolog. Mitteil. Bd. VII. N. 10—12. S. 198—200 u. 3 Fig. ; Berlin 1918. 


2) Jahrb. d. preuss. geol. Landesanstalt. Bd. XXXIX. S. 143. Taf. 10, fig. 1. 
Berlin 1918—19. 

$) Le manque de reticulation du champ alaire et la conservation du fossile 
empechent de decider avec quel genre de trichoptere le nouveau type deRorr ale 
plus de rapports phylogeniques. 


4) Gette partie de l’aile est un peu alteree par la fossilisation. 
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2. Coleoptera. 
Staphylinidae. 
Genre Stenus, Latr. 
Stenus scribai') Hryp. 
(Palaeontograph. Bd. XV, S. 137, Taf. 22, fig. 13). 
Ce Staphylien est une bonne espece. Il a six millimetres de longueur. 
Tete arrondie, assez aplatie, moins large que le thorax, qui est 
aussi long que large. Elytres du tiers de la longueur de l’abdomen, 
ce dernier organe est compose de six segments. Femurs renfles en 
massue, amincis a la base; tibias eylindriques, assez robustes. 
Les antennes, les articles tarsaux et les ailes posterieures ne .sont 
pas representes sur le schiste. 
Coll. BAucKHORN. 1 specimen. 
Melolonthidae. 
Rutelini. 
Genre Anomala Samouell. 
Anomala tumulata HEYDeEn. 
(Palaeontographica Bd. XV, S. 140; Taf. 23; fig. 13—19). 


Fig. 2. Fig. 3. 


Cette espece a deja et& assez bien decrite par Hryven. Je complete 
iei la diagnose en l’accompagnant d’une reproduction phototypique, 
plus preeise que celle de l’auteur allemand. 

Tete petite et aussi large que le thorax. Antennes assez longues 


1) Dans „Verhandelingen der K. Akademie van Wetenschappen van Amsterdam,” 
p.. 321917, (du tire A part) ce mot est erronement &crit comme Scribei. Cette 


espece est dediee ä feu Sceriba. 


48 
Proceedings Royal Acad. Amsterdam. Vol. XXII. 
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et composees de six articles: le scape cylindrique et plus long que 
les autres artieles suivants reunis, qui sont plus larges que longs; 
le dernier artiele sub-ovoide. Thorax (il devait &tre convexe) distincte- 
ment plus large que long; scutellum minuscule; elytres') recouvrant 
les segments de l’abdomen, ovoides et ornes d’un sillon, tres distinet, 
longeant parallelement, & peu de distance, leur bord anterieur. 
Pattes robustes, f6murs assez dilates et un peu plus longs que les 
tibias; artieles tarsaux anterieurs compos6s de 4 articles; le 1° environ 
aussi long que les deux suivants r&unis, le 4° plus long que le 
troisieme; ongles des tarses courts, un peu robustes. Cavites des 
banches bien developpees. 

Longueur du corps 6 mm. 

Empreinte et contre-empreinte Coll. BaucKHoRN. 


3. Hymenoptera. 
Apidae. 

les Apides sont rarement conserves sur les schistes aquitaniens 
du- Rhin. V. Hryoen a signale naguere deux especes, assez frustes, 
Apis dormitans et Anthophora effosa. J’ai decrit, en 1915°), Apis 
oligocaenica du m&me gisement, dont il m’a ete possible de donner 
tous les details de la veination des ailes anterieures. L’espece signal&e 
brievement, ci-dessous, me semble devoir se ranger avec les Andrenides 
du genre Andrena. On sait que chez les Halietes, le dernier segment 
dorsal de l’abdomen est orne d’un sillon longitudinal, tres caracteris- 
tique, chez toutes les especes de ce genre. 
. Genre Andrena Fabr. 

Andrena tertiaria n.sp. 

°-Töte un peu plus large que le thorax. Antennes robustes, 
inserees en dessous du milieu de la face et composdes de treize 
articles: le scape assez long, le funicule eylindrique et form& d’artieles 
environ aussi longs que larges; le dernier article des antennes 
paraissant assez conique; mandibules robustes, larges, et &chancrees 
a l’extr&mite. Mesothorax convexe, seutellum semilunaire. Abdomen 
ovoide, & premier segment plus developpe que les suivants; le 
dernier assez conique au bout. Epines des tibias tres appreeiables; 
metatarse posterieur plus long que les articles 2—5 pris ensemble. 


Ailes aussi longues que l’abdomen, mais & veination tres &ffacde Si: 
sur le schiste. 


\) Is eEtaient lisses, tres vraisemblablement. 
2) Zeitschrift. d. deutschen geol. Gesellschaft. Bd. 67 S. 210 Taf. 21 Fig. 4; Berlin. 


3) Elle devra &tre decrite apr&s l’examen de specimens, en meilleur &tat de 
conservation. 


IEUNIER: Quelques insectes de l'Aquitanien de Rott, Sept Monts (Prusse. rhenane). PL. 


|d Bastin, phot. 
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Longueur du corps 3 mnı. 

Observation: Au dire-de Menge, le genre Andrena a &t& observe 
dans l’ambre de la Baltique; je ne Vai Jamais rencontre parmi 
plusieurs milliers d’inelusions d’inseetes du sucein: 


-Genre Eucera Latreille. 
Eucera mortua u. sp. 


Fig. 4. 


Parmi les Anthophorides fossiles, on ne connait que quelques 
formes tertiaires du genre Anthophora de l’Aquitanien de Rott. 
Vox Herypen signale Anthophora effosa (Palaeontographica, Bd. 
X, S. 76; Taf. 10, Fig. 10). La description de cette espece est peu 
precise. DE Corent (France), feu E. OustaLer donne la diagnose 
de Anthophora gaudryi. O. Hrer et d’autres pal&ontologistes ceitent 
plusieurs especes des gisements d’Oeningen et de Radoboy. Le 
genre Anthophora a &t& observe dans le sucein du Samland. A ma 
connaissance, le genre Eucera Latreille n’a jamais &te remarque sur 
les plaquettes de Rorr. Eucera mortua est une des plus r&centes 
trouvailles de M. l’Ingenieur BAuckHorN, de Siegburg. 

Longueur de l’insecte 7 mm., longueur de l’aile 6 mm., largeur 3 mm. 

L’insecte est fortement &crase sur le schiste bitumineux. Toutefois, 
les caracteres de la veination des ailes, des pattes et des organes 
copulateurs sont si bien conserves qu’il est aise de ranger, avec 
certitude, cette nouvelle forme d’apide dans le genre Eucera. 

9-Tete robuste et paraissant aussi large que le thorax, qui 
etait vraisemblablement entierement ponctue. Paites courtes et ä 
tibias bien &largis pour la recolte du vollen et ornes, A leur extreö- 
mite posterieure, de calcars tres distinets; articles tarsaux robustes, 
surtout le metatarse, qui est environ aussi long que les articles 
deux & eing pris ensemble; ongles des tarses robustes, et parais- 
sant unidentes. Abdomen ovoide; organes copulateurs saillants et 
bifides & l’extremite'). On sait que chez les Anthophora et les 
Eucera, les armures copulatrices des 3 fournissent de bons 
caracteres speeifiques pour le demembrement des especes affines. 


1) La fossilisation empeche de deerire le detail de leur structure morphologique. 


48* 
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Ailes anterieures offrant une cellule radiale et deux cellules ceubi- 
tales dont la deuxieme recoit les deux nervures recurrentes. Ailes 
posterieures non distinctes. 

Terebrantia. 

Braconidae. 

Genre Bracon Fabr. 

Bracon rottensis, Meun.: 

Zeitschr. d. deutsch. Geol. Gesellsch. Bd. 67, S. 224—225, Taf. 
XXVII, fig. 2; Berlin 1915. 


Fig. 5. 


Q-Antennes assez longues, artieles eylindriques et environ 3 fois 
aussi longs que larges. T&te un peu plus large que le thorax et 
tant soit peu aplatie. Scutellum du thorax bien developpe. Abdomen 
ovoide, les stylets de la tariere plus longs que cet organe. Pattes 
assez robustes (elles sont peu indiquees sur le schiste). Pour_les 
autres caracteres, voir la diagnose de 1915. 

Coll. BauckHorN de Siegburg. 

Observation. Ce Braconide s’observe, assez frequemment, sur les 


plaquettes ps Rorrt. La ponctuation du thorax semble avoir ete 
comme chagrinee. 


Cryptidae. 
Genre Cryptus Fabr. 
Cryptus sepultus n. sp, 


On ne connait que peu les Cryptides 
fossiles. OswarLp HEER signale une espece 
douteuse des schistes d’Oeningen; MEnGE 
mentionne, sans les decrire, des Tere- 
brants de ce genre de l’ambre de la 
Baltique; OHarLes Brurs a observe des 
Cryptines sur les plaquettes mioc&niques 

Fig. 6. de Florissant. Je n’en ai pas remarque 

' dans l’ambre sieilien ni dans le Copal 

subfossile de Zanzibar. L’espece de la collection. BAuUCKHORN pourrait 
etre mieux conservee; elle se classe cependant rigoureusement avee 
les Cryptus. Longueur de l’insecte 5 mm. | 


2-Tete arrondie et aussi large que le thorax. Antennes eylindri- 
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ques’) et paraissant &tre ornes d’artieles rapproches, comme e’est le 
cas chez les Cryptus GrAvenHoRsT. Dos du mesothorax et du meta- 
thorax gibbeux ; ailes anterieures A nervation caracteristique des 
Cryptus, avec stigma tres distinet et cellule radiale divisee; pas de 
cellule areolaire? Ailes posterieures peu visibles. Abdomen compose 
de sept segments; le premier assez long, formant petiole, un peu 
renfl& apres sa base, le deuxieme segment cupuliforme; la tariere, 
qui est tigelliforme, sort du cinquieme segment ventral; elle a 
environ la longueur des segments precedents, non compris le petiole. 
Les femurs et les tibias sont robustes, les artieles tarsaux un peu 
greles. 


4. Diptera. 
Empidae. 
Genre Empis, Linnt. 


Empis melia, Hrypen. 
‘Palaeontographica, Bd. XVII, S. 259— 260; Taf. 45, fig. 27). 


L’ambre renferme une interessante faunule de dipteres de la 
famille des Empidae, notamment des Empis et des Rhamphomyia. 
Ils doivent £tre rares sur les schistes de Rott car von HErypEn ne 
deerit de ce gisement que Empis melia, espece qui n’a que 2'/, 
lignes de longueur. 

Le fossile, mentionne iei, a 10 millimetres de long, une longueur 
alaire de 8 mm. et une largeur de 3 millimetres. Je le considere 
comme la 9 de cette espece, l’exemplaire signale par v. HkypEn 
etant vraisemblablement le 7. On sait que ches les Eınpis, les 
mäles ont la taille beaucoup moins grande que chez les femelles. 

Le thorax et l’abdomen sont robustes. Les ailes offrent la veination 
si caracteristique des Empis mais imparfaitement figuree par von 
Heypen. Pattes posterieures vigoureuses et courtement ciliees: les 
femurs et les tibias d’egale longueur;. metatarses environ aussi longs 
que les articles 2—5 r&unis; le deuxieme article a peu pres aussi 
long que les articles trois et quatre pris ensemble, le einquieme 
plus court que le quatrieme; ongles des tarses paraissant gröles. 

Coll. BauckHorn. Empreinte et contre-empreinte. 

Mycetopbilidae. 

Genre Boletina Staeger. 

Boletina philhydra Hey». 

(Palaeontographica Bd. XVII, S. 246; Taf. 44, fig. 11.) 

1) Elles sont trop alterees par la fossilisation pour decerire le detail de leur 


structure. 
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9-Töte un peu aplatie et un peu plus large que le thorax. 
Ocelles indistinets. Antennes depassant notablement la longueur du 


Fig. 7. 


thorax; les deux premiers articles et ceux de l’extremite peu appre- 
ciables'), les autres artieles eylindriques et un tiers plus longs que 
larges. Palpes non representes sur le schiste. Thorax un peu 
gibbeux et orne, aux cÖtes lateraux, de rares cils, Ecusson garni au 
bout de deux cils, assez longs. Le thorax devait @ire pourvu de 
trois bandes ou fascies de teinte plus sombre que le restant du 
thorax. Ailes plus longues que l’abdomen. Nervule assistante r&eunie 
au bord costal un peu avant le dessus de l’extremite de la cellule 
humerale. Bord costal alaire peu prolonge apres le cubitus (radius 
sec. Comstock and Needham). Petiole de la fourche discoidale 
(mediane) assez long, fourche posticale (Cubitale) distinetement plus 
longue que la discoidale. Les deux nervures anales sont peu accusees. 
Abdomen de six? segments, finement ornes de cils courts et munis, 
a l’extremite de chaque segment, d’une large bande de teinte 
sombre; bout de l’abdomen (oviducte) assez eftil@’). Parties externes 
des tibias ornees de rares cils espaces; calcars assez longs, surtout 
les posterieurs. Articles tarsaux de la troisitme paire de pattes 
longs, metatarse de cette paire plus long que les articles 2— 5 r&unis. 
Coll. BAucKHoRN. Empreinte et contre-empreinte. 
P inconnu. 


Bibionidae. 


Genre Bibio Linne. 

Bibio germari n. sp. 

Bibio lignarius? GERMAR. 

Bibio lignarius? Heypen.. 

L’espece deerite par GurMAR, comme B. lignarius, est tres proble- 
matique. Il en est de m&me de la fig. 23 des ‚Insecta ecarbonum 


!).On ne peut compter exactement le nombre de leurs articles. 
2) Les lamelles ne sont pas representees sur le schiste. 
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fossilium” et de celle de Heroes „Palaeontographiea Bd. VIIT. 8.14 
Taf. T fig. 4”. La nouvelle forme, dont la diagnose suit, est representee 


Fig. 8. 


par l’empreinte et la contre-empreinte, d’une conservation remarquable. 

Ce Bibionide mesure 12 mm. de longueur, l’aile a 9 mm. de 
long et 3'/, mm. de large. 

9-Tete assez grande, orbiculaire et un peu moins large que le thorax. 
Yeux bien separes sur le front. Pipette robuste et ornee de eils 
courts. Cou tres appreciable. Thorax assez gibbeux. Abdomen largement 
ovoide, de sept segments, dont les cötes sont tres distinetement garnis 
de poils courts; dernier segment Echanere ä la partie centrale ; lamelles 
de l’oviducte eylindriques. Ailes assez larges (elles devaient £tre 
assez enfumees'), la sous-costale plus rapprochee de la nervure radiale 
que du bord costal; Je secteur du radius, qui part de la radiale 
avant le milien de la longueur de l’aile, n’atteint pas l’apex de cet 
organe. Une petite nervule transversale velie le secteur du radius 
a la mediane. Cette derniere longuement fourchue; fourche de la 
nervure cubitale partant a peu de distance de la base de l’aile qui 
est pourvue de „Flügellappen’ ou lobes alaires. L’aile parait avoir 
deux nervures anales. Les pattes, peu representees sur le schiste, 
sont ornees de courts cils. 

Coll. BAUCKHORN. 

g Inconnu. 


Bibio heydeni n.sp. 


Cette espece correspond peut-&tre a B. pannosus, forme de Bibionidae 
{res imparfaitement deerite et figurde par Germar. L’exemplaire de 
la collection BAuckHoRN,, d’une conservation remarquable, permet 
d’en donner une diagnose plus preeise. 


1) Elles sont trös foncees chez B. infumatus Meun. et aussi plus longues et plus 


larges. 
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9. Ce Bibionide a 10 mm. de longueur, l’aile mesure 10 mm. 
de long et 3 mm. de large. 

Les ailes sont un peu enfumees; la sous costale courtparalelement 
A la costale et se r&unit A cette derniere avant le milieu de la se, 
de l’aile. Le radius s’anastomosant aussi au bord costal, a peu de 
distance de la sous-costale; secteur du radius un peu convexe et 
n’atteignant pas l’apex de l’aile; une nervule transversale oblique, 
dirigde vers le bout de l’aile, r&unit la nervure radiale a son secteur; 
nervure mediane fourchue, la nervure cubitale a la base de la fourche 
rapprochde de la base de l’aile; une nervule transversale oblique. 
dirigee vers la base de l’aile, relie la base de la fourche mediane 
ä la branche superieure de la fourche cubitale; il y avait proba 
blement 2 nervures anales rapprochees. Abdomen cylindrique, assez 
large (il a 3 mm.), de sept segments bien arrondis aux bords lateraux 
et paraissant ne pas @tre ornes de cils, comme c’est le cas chez 
B. germari; Lamelles de l’oviducte petites, eylindriques. 

d Inconnu. 


Protomyia veterana Hryop. (Meun.) 
(Palaeontographica Bd. XIV, S. 25, Taf. 8, fig. 4). 


Par sa petite taille et sa forme trapue, cette espece est bien 
reconnaissable. 

Longueur de l’insecte 4'/, mm., l’aile mesure 5 mm. de long et 
2 mm. de large. 

9-Tete arrondie et aussi large que le thorax. Yeux bien saillants; 
abdomen ovoide et compose de sept segments. Ailes notablement 
plus longues que l’abdomen, assez larges; nervure sous-costale ana- 
stomosee au bord costal, un peu au delä du milieu de sa longueur. 
La distance entre Sc. et Ra. plus courte que celle entre Ra. et Ra,. 
(secteur du radius). Ce dernier n’atteignant pas l’apex de l’aile. 
Petiole de la fourche mediane environ aussi long, que la nervule 
unissant le secteur du radius & la nervure mediane (discoidale). 
Fourche eubitale distinetement plus longue que la mediane. Dessous 
du dernier segment ventral comme ineise au centre. Pattes assez 
robustes. 

Coll. BauckHorn. 1 spseimen 

g Inconnu. 


— Quelques types de GERMAR. — 


L’Institut pal&ontologique de l’Universit& de Bonn possede quelques 
types du paleoentomologiste de Halle. 


M an : ; 
EUNIER: Quelques insectes de l’Aquitanien de Rott, Sept Monts (Prusse rhenane). PL. 


Bastin, phot. 
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Ce sont les especes suivantes: Buprestis carbonum, B. major, 
Ydsolophus insignis, Prionites umbrinus, Tenebrio effosus, Saperda 
lata, Silpha striatum, Alydus pristinus, Bibio xylophilus, Locusta 
exstincta. Sous influence des actions chimiques prolongees et de 
Vair, ces fossiles sont devenus trop frustes pour les decrire et pour 
en donner de bonnes reproductions phototypiques. 


EXPLICATION DES FIGURES. !) (Texte). 


Fig. 1. Aile anterieure de Ulmeriella bauckhorni noy. gen. n. sp. 
Fig. 2. Antenne de Anomala tumulata Heyd. 

Fig. 3. Articles tarsaux de ce Melolonthidae. 

Fig. 4. Aile de Eucera mortua n. sp. 

Fig. 5. Antenne de Bracon rottensis Meun. 

Fig. 6. Abdomen de Cryptus sepultus n. sp. 

Fig. 7. Aile de Boletina philhydra v. Heyd. (Meun.) 

Fig. 8. Aile de Bibio germari n. sp. 


EXPLICATION DES PLANCHES. ?) 


Fig. 1. Ulmeriella bauckhorni nov. gen. n. sp. 
Fig. 2. Stenus scribai Heyden. 

Fig. 3. Anomala tumulata Heyden. 

Fig. 4: Andrena tertiaria n. sp. 

Fig. 5. Eucera mortua n. sp. 

Fig. 6. Bracon rottensis Meun. ? 

Fig. 7. Cryptus sepultus n. sp. 

Fig. 8. Empis melia Heyden. 2 

Fig. 9. Boletina philhydra n. sp. 


Fig. 10. Bibio germari n. sp. 
Fig. 11. Bibio heydeni n. sp. 
Fig. 12. Protomyia veterana Heyden. 


1) Elles ont &te faites par Mme F. MEUNIER. 
2) Les cliches ont &t& ex&cutes, avec soin, par mon ami M,F. Bastın d’Anvers. 


Zoology. — “The wing-design of Chaerocampinae”. By Prof. J. F. 
VAN BEMMELEN. 


(Communicated at the meeting of October 25, 1919). 


In a monograph, which is now being published. as a supplement 
to Zeitschrift für Wissenschaftliche Inseetenbiologie von UHR. SCHRÖDER 
in Husum, and of which I received the first part a few months 
.ago, Dr. P. Denso, the author of Palaearctic Sphingides in Seitz’ 
Macrolepidoptera, begins a description of the lepidopterous hybrids 
that have hitherto got known, with considerations on the wing- 
design of the species of Celerio. On page 1 he says about this: 
“Thorough investigations and theoretical considerations, which it 
would lead me too far astray to reconsider here, clearly show that the 
markings (and hues) of all Celerio-moths may easily and without 
constraint be derived from a primifive form, which only very 
slightly deviates from the pattern still found in the oldest species 
of Celerio, viz. zygophylli O., or likewise in Zineata, when we only 
abstract from the white striation of the wing-veins. It must be 
mentioned here, that the original design of the species of Celerio isnearly 
related to that of the more elosely-connected species of Pergesa”. 

I deplore that Drxso did not think fit to publish in detail his 
“thorough investigations and theoretical eonsiderations’” on the phy- 
logenetic interrelations between the different species of Celerio. 

For now we are obliged to deduce the grounds for his assertion 
“that zygophylli and lineata have to be considered as the (phylogene- 
tically) oldest species” from a few remarks, which must be picked 
up here and there in the course of his paper. 

Such being the case, I prefer first to expose my own views inde- 
pendently of Dunso's cousiderations and afterwards to discuss his 
deductions. 

In my eyes the only way to acquire a trustworthy insight into 
the wing-design of Celerio-species, is to compare it with that of 
other genera of Sphingids, especially Chaerocampinae. When keeping 
this course, it becomes evident that their colour-pattern is a highly 
modified variation of the general ground-design of Heterocera-wings, 
due to reduction and obliteration of tle general primitive set of 
seven transverse bars, by the influence of the V-diagonal-motive 
(this being the name which in my foregoing paper on the wing- 
pattern of Saturnidae [ gave to the system of linear markings running 
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obliquely across the wing from tip to root). Consequently in my 
opinion the most original pattern must be looked for in those Chaerocam- 
pinae that show the fewest traces of this influence of the V-diagonal 
on the transverse bars. Now it is evident that ihis does not at all 
oceur in zygophylki and lineata, but on the contrary in Pergesa 
(Dexlephila, Metopsilus) porcellus, and better still in Berutana (Metop- 
silus) syriaca. In this latter the forewing shows a set of transverse 
bars which remarkably agree with that of Smerinthus populi, though 
they do not to any notable degree pass over upon {he hindwing. 

The V-diagonal is only very slightly indicated at the apex of the 
wing in the shape of the foremost external triagonal spot, which 
extends from the wing-tip along tbe front-border, and shows the 
form of a dark-brown threesided blotch, growing fainter and of 
lighter hue from before backward. It remains separated from the 
convex blotch along the external margin by a narrow space, which 
is oceupied by the well-known oblique white apical stripe, that is 
seen in so many different forms of Lepidoptera. 

In the same way the posterior triagonal spot is well-developed, 

but remains separated from the anterior one by three internervural 
spaces, containing only faint traces of dark marginal spots. 
Bar II is complete and well-marked, III on the contrary hardly 
visible, IV is a broad dark band, imperceptibly passing at its external 
side into the area where IIl would have occurred, had it been 
visible, but very sharply traced at its internal border. V is rather 
sharp, but does not reach the back-margin of the wing. VI is just 
indicated by a faint trace, VII on the contrary is invisible. 

On the upper side of the hindwing a broad marginal seam and 
an obscuration of the root-field are the only traces of the pattern. 

On the inferior surface the common heterocerous pattern occurs, 
viz. a design which is the same for front- and backwing, and 
betrays clear traces of reduction, when it is compared to that of 
the upper-side. For it only consists of a well-defined marginal range 
of (coalesced) spots, inwardly bordered by an irregular zig-zag-line, 
and moreover of the bars II and III, represented by brown lines 
on a lighter ground. 

The wing-design of porcellus may rather easily be derived from 
that of syriaca, and this deduetion presents a certain amount of 
probability, as the complete set of seven transverse bars is clearly 
discernible along the front-margin of the forewing. Three of these 
bars: the outward or distal ones (I, II and Ill) reach the hind-margin. 

When I call this pattern an original one, this expression should 
not be taken in the absolute sense generally connected with it. 
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Preeisely in the case of porcellus, it can be proved in a very 
striking way, that this would be inappropriate. | 

For not only the pattern of the seven transverse bars is repre- 
sented on the fore-wing, but that of the V-diagonal as well. Or ex- 
pressing it in other words, we may assert that the pattern of porcellus 
could be obtained by combination of that of Smerinthus populi with 
that of Elpenor gallüi and euphorbiae, of course under omission Or 
reduction of certain parts of each. 

The best proof for this assertion can be given by superadding 
the wing-patterns of the above-mentioned species to that of porcellus, 
or, otherwise, by marking with a darker hue those elements of 
foreign wing-designs in the porcellus-pattern that can be discovered 
in it. 

Bar I, otherwise called the marginal seam, shows in porcellus 
the usual type of an irregularly indentated, wine-red streak, which 
is characteristic of Chaerocampinae. ‘It begins at the wing-tip with 
the above-mentioned oblique white stripe, which likewise is of so 
frequent occurrence among Sphingides, and can be considered as 
the outmost fragment of the V-diagonal. 

Bar II begins with a tolerably distinet, rather dark blotch, in the 
wine-red streak along the front-margin, but gets much fainter as 
soon as it enters the yellow-brown central area of the wing, which 
it traverses in a well-marked inward curve. 

Bar IlI likewise begins at the front-margin with a double-blotch, 
but becomes a single band when entering the yellow area, and at the 
‚same time gets into contact with the discoidal spot, which itself may 
be considered as a remnant of Bar IV. Furtheron B. III runs parallel 
to II, both being dislocated a little in the direction of the wing-root. 

V and VI are represented by a pair of small, greenish-brown 
stripes in the red field, VII can confusedly be traced in the brownish 
root-area. 

On the upper side of the hindwing the only point of similarity 
with the forewing is formed by the wine-red marginal seam, but 
the underside once more proves, that also in porcellus well-marked 
remnants of the transverse bars occur in the shape of dark spots 
and stripes on the light-yellow and rose-red fond. As in most other 
cases these are especially well-marked along the front-margin. 

At the underside the similarity between fore- and hindwing is 
again much more pronounced than on the opposite surface, the 
design on the firstnamed wing being more reduced than on the last, 
especially as regards the root-field. 

«The same red, violet and greenish-golden-brown hues that decorate 
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porcellus, are found back in elpenor, & great.superficial similarity 
resulting from this, which finds its expression in the popular names. 

But in tbe pattern an important difference prevails, for in elpenor 
the traces of transverse bars along the fvont-margin are almost 
completely absent, while on the contrary the V-diagonal-design is 
strongly expressed, though in factit reaches the back-margin of the 
wing in its more distal part, and therefore deviates in a lower 
degree from the original transverse direction of the primary bars 
than is the case with other Chaerocampinae. 


' 
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Fig. 1. (after Denso). 


Denso pays special attention to this vicariating relation between 
the two parts of the back-margin of different species of Celerio, 
into which it is divided by the above-mentioned oblique line, which, 
starting from the wing-tip, forms the outer border of the light middle- 
field. He arranges these species in a series, beginning with lineata, 
where the meeting-point of this line with the back-margin lies 
‚farthest towards the proximal side, and ending with nzcaea, which 
in its more distal position of this point more or less agrees with 
elpenor. 

As far as I feel able to understand his views, he seems, for 
the just-mentioned reason, to consider lineata as more original than 
nicaea. 

According to my conviction the relation between these two species 
is precisely the opposite one. 

To me it just seems remarkable that Drxso, when speaking of 
another detail of the wing-design, which he remarked in a few 


742 


specimens of nicaea only, comes to a conclusion that exactly agrees 
with my views. For Denso considers the oceurrence of a dark line 
over the middle part of the wing, which appears from time to time 
(called by him fa, and running parallel to his median bar am) as 
an atavistie phenomenon. Now this line can scarcely be anything 
else than Bar III of porcellus, and therefore in my opinion may 
really be considered as the reappearance of an element of the 
original design. 

In truth this unexplainable confusion and contradietion in his 
views can be remarked in different passages of Drxso’s contentions: 
e.g. when he says in describing the lineata-design : “my investigations 
led me to assume, that Öineata and certain specimens of zugo- 
phylli show a design, that very nearly approaches tbe original 
Celerio-pattern. In fact, when drawing the contours of the lineata- 
design, they completely include the elements of the pattern of all 
remaining species of Celerio, these latter therefore appearing to be 
due to the more or less far-reaching reduction of the original design. 
This may be demonstrated by Fig. 2”. 
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C.EUPHORBIAK 


Fig. 2. (Copied after Denso). 


Now in this figure we remark, how lineata, besides showing the 
V-diagonal, possesses only a single vestige of a bar (D) along the 
external wing-margin, and therefore next to nothing of the original 
design, while in euphorbiae on the contrary the remains of at least 
four transversal bars are present along the front-margin, though in 
truth ‘only in the shape of isolated blotches. Were we obliged to 
share. Denso’s views, we should have to assume that self-colour is 
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the more primitive condition of wing-coloration, all patterns taking 
their origin from it by dissociation of the homogeneous hue into 
spots and bars. 

This really seems Dxso’s opinion, notwithstanding a few lines 
before he asserts: “As to the .underside of: the wings, we also here 
find, that progression in phylogenetic development always goes hand 
in hand with an incereasing loss of elements of the pattern. Lineata 
is richest in details, gallii less so, zygophylli the same, while 
euphorbiae and nicaea show the fewest components of the pattern”. 

I see no need here to remonstrate that this assertion can as well 
be applied to the upper side of forms like C. lineata and D. elpenor, 
in comparison respectively with C. euphorbiae and D. porcellus. 

Neither can I agree with Dinso’s contentions (p.5) about the “manifes- 


Fig. 3. (after Denso). 


tation of atavistie characters”. He writes: “Very often we remark 
in pure species, e.g. gallii or euphorbiae, a dark, indistinet line, 
starting at the wing-tip near to the fransverse bar p, and running 
parallel to the distal border, across the marginal field. In most cases 
this line is rather short, and disappears nearly halfway between 
apex and hind-corner; rarely it attains this corner and there joins 
with the bar p. It takes exactly the same course as. does the distal 
bordering of bar p in lineata. Without doubt we here meet with 
an atavistie feature; it is nothing but the old borderline of the 
p-bar. In vain therefore should we look out for it in the lineata- 
group, while in zygophylii it will only oceur on rare oecasions and 
in a weak condition, as the regression of p has only just begun. 
Galli often shows this line, euphorbiae more rarely, nicaea extremely 
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seldom, which can be easily understood, as the two latter, being 
relatively young species, have already long since lost this border- 
line of p”. pe3 h 

Comparing the wing-designs of gallü, zygophylli and lwornica 
(as figured in Seırz, comp. vol. II Taf. +41. d.) I come to the con- 
elusion that in the second of these species the line in question, i& 
is present without exception, but that it has been dislocated a little 
towards the internal side, and moreover that this Jine is also present 
in Pergesa oldenhamii and japonica, and likewise in Celerio bois- 
duvalii and minor, though its shade may differ in saturation. 

For the rest I cannot well‘ understand, why precisely this line 
should be of special atavistic importance; though on the other side 
it is of course beyond discussion that it has originated by the 
coalescence of the external row of spots (Bar I), which runs parallel 
to and in the immediate neighbourhood of the external margin of 
the wings. Nor am I able to see why there still should exist differences 
in the degree of atavism between the several transverse striae, which, 
according to Denso occur from time to time as variations in the 
different species. Denso hiniself seems inelined to accept this difference, 
for he says: 

“In contrast to the line fa, which forms a feature restrieted to 
forms within the limits of the genus Celerio, another atavistie line 
goes back to a far wider plan, viz. to elements of design also 
appearing in the genus Pergesa. I mean a dark line fa,, which, 
beginning at the costal spot mc,, runs along the costal zone ac and 
parallel to the proximal margin of p, towards the posterior wing- 
border. Very often this line forms a connecting link between the 
spots mc, and mc,. It only occurs in specimens, where the tendency 
to dissolution of the costal zone into separate costal-spots shows 
itself, or in which this dissolution has already been achieved, e.g. 
zygophylli, vespertilio, the euphorbiae-group and nicaea. Never on 
the contrary does it appear in Aöppophaes, gallii and lineata”. 

Judging from vespertilio, when compared with askoldensis and 
mellus, the line in discussion must be the one I designed as Bar Ill, 
but which here must have blended with IV, traces of this line being 
present not only in some, but in all specimens of dahli and euphorbiae, 
near to the posterior margin of the wing. 

In accordance with these. remarks, it is self-evident that my views 
about the wing-markings of the euphorbiae-group are absolutely in 
contradietion with those of Duxso. For this author says: “In C. 
euphorbiae L. the process of dissolution of the original Celerio-design 
has proceeded very far already”. 
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I feel convinced that in this case a process of dissolution is out 
of the question, but that quite on the contrary we can still discover the 
last traces of the transversal bars along the front-margin of the 
wing, in the shape of isolated spots, the posterior and distal part 
of the wing meanwhile remaining under the dominion of the V- 
diagonal-pattern. Yet I am willing to admit, that the reduction of 
the transverse rows of spots to three or four irregular blotches along 
the front-margin (called by Denso costal-spots) and the gradual 
diminution in size of these spots towards-the wing-tip undoubtedly 
are in connection with the course of the V-diagonal, and that the 
entire set of these three or four blotches responds to the dark 
anterior marginal field of (. Zineata. This latter area however | 
consider as a blending of those four blotches, i.e. as partial self- 
coloration, leading to uniformity of hue of the whole anterior 
marginal field. The justification for this way of regarding the 
question, I see in conditions as found in C. gallü, where the 
blotches, though in connection with each other, in such a way that 
the front border of the wing isentirely and uniformly dark-coloured, 
yet are perfectly distinet in their original extension by the oceurrence 
of arcuate ineisions from the side of the light diagonal middle V-bar. 

That Denso looks at this condition from an opposite point of 
view is revealed by his expression: “Galli possesses a broad costal 
margin, in which the (light) groundeolour has intruded, (the italies 
are mine), especially from three points of the middle-area am’. 

The same considerations can be applied to the dark triangular 
area, which forms the postero-external border of the light diagonal 
bar, and which Desso calls p. When speaking of (). euphorbiae, 
he remarks about this bar: “The proximal limit of the transversal 
bar p, in its hinder- part, which touches the back margin of the 
wing, has been removed towards the posterior wing-angle’”’. According 
to my view, it has remained at its original place. 

Though his remarks about gallii are restrieted to the words: 
“The bar p is broader than in euphorbiae. Its terminal point P is 
situated more towards the base of the wing”, he declares in a 
preceding passage: “Starting from tlıe distal border” (of the light 
median area) “the marginal coloration of al incereases in extension 
at the cost of p, and moreover am broadens along the posterior 
wing-margin, thus causing the proximal limit of p to stand more 
perpendicularly to that margin”. 

Also in this regard therefore, Denso’s views are diametrically 
opposed to mine. 

And yet I could see a possibility that Dsnso’s view of the matter 
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might after all prove right. For this would be the case, when we 
had to surmise, that in gallı, and still more in euphorbiae, the 
presence of the spots along the anterior wing-margin was due to 
Yeversion of the archaie pattern, i.e. to atavism. We tlıen should 
be obliged to imagine that in the pattern of lineata, the uniform 
dark anterior region of the diagonal-pattern, itself derived from the 
coalescence of the anterior parts of the original seven transversal 
rows of spots, had again been solved into a certain number of free 
blotehes. The fact that this number is lower than seven, renders 
some probalility to the supposition that we have here to do with 
a secondary dissociation of an originally coherent longitudinal bar 
along the entire anterior wing-border. But according to my view the 
primary cause of this dissociation may be seen in the hereditary 
presence of the tendency to the formation of isolated marginal spots, 
belonging to the ancient pattern. of transverse rows of maculae, 
which is common to all Heterocera. 

When trying to analyse in this same way the complicated pattern 
of the upper-side of the forewings of Detlephila (Daphnis) nerü, 
we come to the conclusion that without constraint derivatives ofall 
the seven transversal bands can be recognized in the alternately 
dark and light areas along the anterior wing-margin, but that only 
one of them, viz. V, runs on unbroken to the posterior margin, 
VI nearly doing as much, as it only becomes crossed by the white 
external seam of the dark root-field. The disturbances in the rest of 
the transverse bars may for the greater part be attributed to the well- 
known influence of the V- and the A-diagonal-design. The first manifests 
itself in the same manner as in euphorbiae, gallü ete., but in nerü 
only fragments of the light median bar of the remaining Deilephilas 
can be discovered. In the first place we remark the light apical 
marking, strongly contrasting to the extremely dark anterior segment 
of bar I. Then comes the white curved stripein the middle of the posterior 
margin, abutting towards the median side against a peculiarly dark 
hinder part of a transverse bar (probably a fragment of IV) and 
which in its forward zig-zag-course gets twice abruptly broken. I 
presume that this characteristie white zig-zag-line represents part of 
the distal border of the triangular light central part, which broadens 
towards the hind margin and is so characteristie of Chaerocampinae. 

For the rest this light central field is only represented next to 
the root-field by its most proximal part running along the posterior 
wing-border. This part narrows and describes a convex curve, ihereby 
passing into the area of bar VI, and reaching the anterior margin. 
In the same way the light colour-party at the external border of V 
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advances distally towards the anterior wing-margin, and so comes 
in contact with the fore-end of a still lighter bar, which begins in 
the area of III at the said margin, but takes such a sinuous course 
in a postero-external direction, that the dominion of III so to say 
curves up to that of 11. 

A similar feature can likewise be observed in another Sphingid, 
whose forewing-pattern agrees with that of nerü in a remarkable 
number of points, viz. Dillina tiliae. Here the feature in discussion 
is seen in {he anterior part of the external border-line of the dark 
central field, by which the forewing is so characteristically divided 
into a proximal and a distal light area, and which itself is broken 
up (either completely or nearly so) into a larger anterior and a 
smaller posterior portion by a constrietion along the course of the 
second cubital vein. This constrietion corresponds in position and 
character to the above-mentioned white zig-zag-line of nerü. 

That this explanation of the forewing-pattern of nerü is well 
founded, becomes especially evident when we compare it to that of 
nearly-related species, e.g. hypothous (Moork, lepidoptera Oeylon, 
Pl. 83; Cramer, Pap. Exot. III pl. 285 D; Seitz, X 63a), layardı 
(Moore, Pl. 81; Seitz 63a°), proirudens (Novara Exp. Zool.II, 2, Taf. 
LXXVI, 7; Seitz X, 63b’), angustans (Nov. Exp. Zool. Bd. IT 2), 
placida (Seitz, X 63a‘). 

But as the ınost remarkable patterns in regard to this feature I 
consider those of omissa and its congeners (miskini, anceus, sericeus, 
cunera), because here parts of the nerzi-pattern are so to say pro- 
jected on that of Smerinthus populi, the latter appearing as if 
it were visible by transparency beneath the first. 


Groningen, October 1919. 
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Physiology. — “On Serum-lipochrome”. (First part). By Prof. 
A. A. Hısmans van Den BerGH and Dr. P. MvLLeEr. 


(Communicated at the meeting at December 27, 1919). 


In a previous investigation') I gave evidence to slow that the 
normal human blood-serum contains iwo pigments: bilirubin and 
a lipochrome. Prior to this, opinions about the materials that yield 
the colour of normal serum, were contradietory and confused. The 
French celinieian GiLBErT e.g. believed that the colour of the human 
bloodserum was due exclusively to bile-pigment and that it never 
contained lutein (lipochrome). The Italian researcher Zosa, on the 
other hand, asserted that bilirubin is never present in the serum of 
normal man, but that the yellow colour is owing to lutein. We 
suspect these clashing opinions to have arisen from unsuitable methods 
of separating the pigments. It is especially the extraction ofa protein- 
rich fluid like blood-serum, by shaking with ether and similar solvents, 
that yields unsatisfactory and differing results. When, however, we 
precipitate tlıe serum by an appropriate amount of alcohol most of 
the bilirubin will pass over into this fluid, while from the ensuing 
protein-preeipitate the lipochrome can be readily extracted with ether. 
In this way we are enabled to separate both pigments from the 
serum. After having watched the fate of bilirubin under various 
eircumstances’), an inquiry on lipochrome naturally suggested itself 
to us. 

Yellow pigments, which for the present may conveniently be 
termed “lipochromes”, have until recently been investigated chiefly 
by botanists®). Stokgs‘) and Sorsr’) discovered that in -the green 
parts of plants besides chlorophyl numerous yellow pigments are 
to be found. 


Prior to their findings carotin had already been separated from 


!) Hısmans van DEN BERGH u. SnAPpER. Deutsch. Arch. f. klin. Mediz. 110, 540, 1913. 

2) Hısmans van ven BereH. Der Gallenfarbstoff im Blute. Leiden 1914. 

3) For tlıe literature see T. Tammes. Flora 87, 205, 1900, and C. v. Wisseuinen, 
Flora 107, 371, 1915. 

#) Stores. Proc. Roy. Soc., 13, 144, 1864. 

5) Sorpy. Ibid. 21, 442, 1873. 
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Daucus carota, while Arnaup showed in 1885!) that a yellow 
pigment in the green parts of plants is identical with the carotin 
from carrots. Arnaup made an extensive study of carotin and esta- 
blished that it is an unsaturated autoxydable carbohydrate. His 
analysis and further inquiries produced the empirie formula C,,H;.. 
Ever since many inquiries into these pigments have been undertaken. 
Latterly they have received WıLtSTÄTTER’S*) attention. He established 
in accordance with the assumption of previous inquirers that plants 
contain different pigments which — as Boropin’) had observed — may 
be divided into two large groups. The pigments of the first group, 
to which carotin belongs, are rather easy to dissolve in benzene, 
hardly so in alcohol." The second group is represented by xantho- 
phyll, which can readily be dissolved in alcohol, less readily in 
benzene. Either of these substances could be obtained in pure, erystal- 
line condition. The elementary analysis, the determinations of mole- 
cular weight, and the analysis of iodine-addition products yielded the 
formula O,,H,, for carotin and O,,H,,O, for xanthophyll. WILLSTÄTTER 
also corroborated that the two carbohydrates are highly unsaturated 
and autoxydable. They are very sensitive to acids, but are not 
attacked by alkali. 

Also in animal products, partieularly in the egg-yolk, in the serum 
of animals and men, former observers have found lipochrome pigments 
(KRUKENBERG, TAaUDıcuM, SCHUNcK, Künnk) and have published interesting 
communications about them. They usually term them luteins. To 
WILLSTÄTTER and his co-workers we are indebted for considerable 
advance in this respect. It appeared that also the animal lipochromes 
or carotinoids may be divided into two groups according to their 
relative solubility in benzene and alcohol. 

WırtsTtÄTrTerR’s pupil Escher managed to separate pure carolin 
from the corpus luteum of the cow. WILLSTÄTTER, in conjunction 
with Escukr, has obtained lutein from the egg-yolk, and established 
that it is quite identical with the xanthophyll from plants, with a 
difference only in the melting-point. 

Some years ago a series of papers appeared from the American 
Algrieultural-Chemist Parmer ‘). We shall frequentiy refer to this 
work, but it may be expedient to state here what we deem to be 
the chief result of Panmer’s work. The American researcher comes 


1) A. Arnaup. (. R. Ac. Sc. 100, 751, 1885, and 102, 1119, 1886. 
2) Wirzstärter u. Srorz, Untersuch. über Chlorophyll. Berlin 1913. 


3) Quoted from WILLSTÄTTER. 
 Paımer, The Journ. of biolog. Chem. 1915—1919. 
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e.g. to the conclusion that the yellow pigment of the body-fat, milk- 
fat, and blood-serum of the cow is identical with earotin, whereas 
the yellow colouring matter of the egg-yolk, body-fat and blood- 
serum of fowls eorresponds with xanthophyll. He also demonstrated 
that these pigments in animals are of alimentary origin. Finally 
that in the cow’s intestine carotin is resorbed well nigh exelusively, 
whereas in the fowl’s intestinal canal only xanthophyll is resorbed 
almost to the exelusion of other pigments. 

Our prolonged investigation of lipochrome in the serum of the 
human blood led us to study some of its qualities more in detail. 

As already stated in the paper referred to above‘), we had 
observed that the lipochrome pigments behave differently in man 
and in the cow towards ethylalcohol. When we precipitate cow’s 
serum with 2 vol. of alcohol and when centrifugalizing the preci- 
pitate, the lipochrome can be extracted from it with ether. The 
cow’s pigment, then, is nearly insoluble in 64 perc. alcohol. When 
we submit human serum to the same process, we generally fail to 
extract pigment with ether from the protein precipitate; it can be 
obtained when we precipitate 1 vol. of human serum by an equal 
volume of alcohol. It appears then that the human lipochrome is 
often soluble in 64 °/,, but invariably insoluble in 48 perc. of alcohol. 

This different behaviour of lipochromes towards 64°/, alcohol we 
purposed to examine. 

First of all we ascertained in which of the two groups: of caro- 
sinoids, as established by WirLstÄtTeR, the pigments from carrots, 
egg-yolk, fowl’s serum, cow’s serum and human serum, have to be 
placed. 

The materials to be examined are treated with 96 °/, ethylalcohol ; 
subsequently with petroleum-ether. By adding an appropriate quantity 
of water all the lipochrome passes over to the petroleum-ether, which 
fioats on the surface as a limpid, gold-yellow layer. 

This layer is pipetted off. It contains besides the pigment, also 
fats, cholesterin and presumably still other substances. The fats are 
removed by saponification, the cholesterin is precipitated by digitonin. 
What remains is an incompletely purified solution of lipochrome in 
petroleum-ether. When adding to this fluid methylalcohol (90 °/, or 
stronger) the pigment will pass over to the lower metliylalcohol 
layer, if we have to do with xanthophyll, to the benzene layer in 
the case of carotin. Following WILLSTÄTTER’S example we always 
used methyl-aleohol for this process; ethylaleohol proved to be 


!) Deutsch. Arch. f. klin. Mediz., loc. eit. 
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unserviceable. Neither did we deem it suitable to distinguish between 
the two groups of carotinoids by their spectroseopie properties. The 
same holds in Tswerr’s method. He filters solutions of the pigment 
through a eolumn of caleium-earbonate. The carotin will then pass 
through without being adsorbed, while the xanthophyli is left behind. 
Tswert applies this method to separate the different sorts of xantho- 
phyll, tbat according to him exist. However, since we only look 
for a separation between the two main groups, we have confined 
ourselves to the method of distribution between methylalcohol and 
benzene. 

It was apparent from our results, as Paı.mer had already shown, 
that cow’s serum contained only carotin !) egg-yolk and fowl’s serum 
only xanthophyll. Human serum yielded results varying with the 
individual from which it was drawn. It usually contained a mixture 
of carotin and xanthophyll, carotin mostly preponderating. In only 
one case xanthophyli predominated slightly; in a few cases — very 
rare though — the amounts of xanthophyll and carotin were nearly 
equal. Not unfrequently did we find that along with carotin there 
was only very little xanthophyll. 

In order to determine the solubility in 64 pere. alcohol we have 
extracted carrots, blood-serum and egg-yolk with ether after treat- 
ment with alcohol. 

The ether was pipetted off and evaporated to dryness in fraction- 
ating flasks, in vacuo, at room-temperature (or gentle heating on 
a waterbath). 

Subsequently 64 perc. ethylalcohol was added in each of the 
flasks and shaken up rapidly. The colour of the fluid was taken 
for the index of solubility. 

It then appeared: 

Colour of 64 perc. alcohol. 


Carrots. . ». ..++++ 
Eggyolk el 

Fowl’s srum . . +++ 

Cow’s serum . . . faint 

Human serum . . + +or +++ 


This makes it clear that whereas carotin obtained from carrots 
is easily soluble in 64 perc. ethylalcohol, cow’s serum is almost 


insoluble. 
The pigment from human serum (a mixture of carotin and xan- 


thophyll, carotin most) is sparingly soluble. 


1) PALMER vightly observes that also some very small quantities of xanthophyll 
may occur, which will come forth only when working with large quantities ofserum. 
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What strikes us most is the different behaviour of the pigment 
of egg-yolk and of fowl’s serum (xanthophyl]), the former being 
insoluble, the latter readily soluble. 

These properties are no doubt partly due to the presence of sub- 
stances accompanying the pigments. When purifying the egg-yolk- 
xanthophyli, which is almost insoluble in 64 pere. alcohol, by saponi- 
fying and removing the fats in the ether-solution, the solubility 
inereases. Something like it, but in a smaller degree, was witnessed 
in cow’s serum. From this it is evident that some properties of 
lipochromes are markedly influenced by the presence of other sub- 
stances. We have to keep thisin mind when studying the lipochromes 
of blood-serum and other human products, since in this case it is 
impossible to examine them in a pure state. This will be easily 
understood when considering that in elinical inquiries the investigator 
has seldom more than a few cubie centimeters at his disposal, while 
WırsstÄrter and EscHer used 6000 eggs to prepare 2.6 grms. of 
pure yolkpigment and Escher required 10.000 cow-ovaries to produce 
0.45 grm. of carotin. 

As has been stated above our first investigation showed us that 
in order to prepare lipochrome from bloodserum it is necessary to 
preeipitate it with alcohol and after this to extract the preeipitate 
with ether. Extraction by shaking the serum with different solvents 
yielded varying and generally bad results. 
Krukensere had also noticed that lipochrome can be extracted 
from cow’s serum only with amylacohol. He insists that other means 
of extraction such as chloroform, ether, methyl-, ethylaleohol are 
not suitable. 

A more extensive inquiry in this direction revealed that no trace 
of pigment could ever be obtained with petroleum ether from cow’s 
serum, human serum or fowl’s serum. 

With ether we most often obtained no pigment from these three 
sera, at other times only little. 

This result does not quite tally with the experience of Parmer, 
who also gave his attention to this point. He records that from 
cow's blood the pigment can never be extracted with ether, from 
fowl’s blood always. To what this difference is due, we have not 
been able to make out. Anyhow, it is certain that 8 speeimens of 
fowl’s serum, examined by us, did not yield a pigment even after 
being rapidliy shaken with pure ether; whereas from two other 
specimens, treated in a similar way, a rather considerable amount 
of pigment could be obtained. 


When shaking cow’s serum with amylalcohol, a trace of pigment 


753 


is transmitted to the aleohol. At the same time, however, the lower- 
most layer is far more decolourized than the amount of pigment, 
which has passed over to the amylalcohol, could lead us to expect. 
Chloroform does not extract pigment from cow’s serum: 

On the other hand the pigment can be easily extracted from egg- 
yolk with ether. From which it may be concluded, that in fowl’s 
blood-serum pigment oceurs in a condition or in a combination 
different from the pigment in the egg. 

To benzene again (he egg-yolk yields nothing. When we boil the 
yolk, a considerable amount can be extracted with benzene. 

From carrots a pigment can be readily obtained with ether, with 
benzene and likewise with alcohol. 

Pigment may be extracted from finely ground maize with ether. 
More easily when the maize is boiled with alcohol. It is well to 
watch the behaviour of cow’s serum towards ether and benzene. By 
shaking it with one.of the two solvents, the pigment cannot be liberated. 
When, however, we add ethylaleohol to the serum and then ether, 
and subsequently separate it by a small quantity of water, the 
pigment will pass quantitatively to the upper (ether) layer. We have 
pointed out before that this behaviour of cow’s serum had also 
struck PALMER. He believed (although we could not corroborate it) 
that fowl’s serum invariably yields its pigment to ether. This induced 
PALMER to assume that fowl’s lipochrome oceurs in free state in the 
serum, whereas in cow’s serum the lipochrome is present in combi- 
nation with albumen. Of this compound termed by him -caroto- 
albumen he has endeavoured to establish some properties. 

We doubt whether the pigment ocenrs in cow’s serum in combi- 
nation with albumen. If this were so, we might expect that the 
pigment could be set free not only with alcohol, but also with other 
solvents that denature protein, so that it could be extracted with 
ether. 

However, when salting out the albumen ofthe serum with ammo- 
nium-sulphate and subsequently treating it, with ether or benzene, 
the pigment will not be taken up by it. 

Neither is this the case when extracting with ether or benzene 
after precipitaling it by boiling. Still the protein, as. may be expected, 
is denatured more by boiling than by preeipitation with alcohol, 
since the latter reaction is initially reversible, the former is .not. 

There is one more reason for our assertion that ihe “liberating” 
action of aleohol on lipochrome, which renders it fit to be extracted, 
rests upon something else then the decomposition of the protein-mole- 
eule. Whereas e.g. the denaturing -of protein by alcohol is compara- 
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tively a slow process, the action on serum, which renders lipochrome 
accessible for ether or benzene, manifests itself instantly. 

Lipochrome, then, is freed during the first phase of the action of 
aleohol on the protein (preeipitation) and prior to the second phase 
(denaturation). 

"I doubt, therefore, whether the liberation of lipochrome by aleohol 
is due to a decomposition of a supposed albuminous compound. 
That this aleoholic action may oceur, without any question about 


the destruction of an albuminous compound — as in lipochrome 
solutions which are free from protein — is borne out by the following 
experiment. 


A concentrated solution of carotin is prepared by extracting finely 
rubbed carrots with a mixture of alcohol and ether. The ether is 
removed, after which a gold-yellow, alcoholie solution of carotin is 
left behind. When this solution is diluted with water, so that the 
alcohol-eontent in the mixture is very low, the carotin will not be 
precipitated, nevertheless the solution keeps clear. By evaporation in 
vacuo (if required with gentle heating in the waterbath) the rests 
of alcohol, still left behind, are removed as much as possible. The 
carotin does not precipitate then either, but a solution remains in 
which no solid partieles are visible. It passes through the filter 
unchanged. Solutions of a higher concentration are opalescent, those 
of lower concentration are clear. The investigation Prof. Kruyr 
kindiy performed confirms that the carotin in this solution is in a 
colloidal condition. It appears, then, that by this procedure we are 
able to solve carotin in water in a colloidal state, although under 
ordinary circumstances it is insoluble in water, as e.g. is also the 
case witlı mastic, cholesterin and many lipoids. 

However, an attempt to extract this colloidal solution with ether 
fails. Even a two hours’ rapid shaking in the shaking apparatus 
does not enable us to transfer the slightest trace of yellow pigment 
to the ether or the benzene. But as soon as we add to the mixture 
a small amount of alcohol, e.g. some drops to 5 cm? of colloidal 
carotin solution and 3 cm’ of ether, the pigment will pass over 
instantly and quantitatively into the upper layer, whereas the 
lowermost layer is completely decolourized and generally becomes 
rather more opalescent. The best result is achieved, when first some 
drops of alcohol are added to the solution and after this the ether. 

A similar result is obtained when, before carrying out these 
experiments, the fats and the cholesterin are removed from the 
alcoholice carotin solution respectively by saponification and by 
digitonin. 
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Similarly to the carrot-carotin, the carotin from cow’s serum and 
human serum, and the,xanthophyli from fowl’s serum and egg-yolk 
can be obtained in an aqueous, colloidal solution. The latter are 
more opalescent than the carotin solution from carrots, the egg-yolk 
solution most of all. Nevertheless they pass through the filter 
unaltered, and the opalescence may be largely diminished by removal 
of the fats and of the cholesterin. 

When extracting these aqueons colloidal solutions with ether, no 
trace of pigment passes over to {the ether — as has been described 
for the carotin from Daucus carota. After the addition of a small 
amount of alcohol, the pigment will again pass over quantitatively 
into the ether layer. 

lt appears, therefore, that also in aqueous colloidal protein-free 
solutions alcohol plays a liberating influence upon lipochrome. 
Preeisely the same influence is exerted by a small quantity of 
alkali: if to an aqueous carotin-solution ether is added, (which by 
itself does not extract any pigment from it) and subsequently some 
drops of 10 perc. NaOH, and this solution is shaken rapidly, all 
the pigment will pass over into the ether. We feel greatly indebted 
to Prof. Kruryt for investigating for us these colloidal solutions and 
for discussing the problem with us. He stated that the solutions 
presented Tyspaut’s phenomenon, while under the ultramieroscope 
small particles are visible performing the Brownian movements. He 
also found that, besides by alcohol and 10 perc. NaOH, also all 
sorts of other salts, especially the bivalent and the trivalent metals 
exert the same liberating influence on lipochrome. For instance when 
we add to the colloidal carotin-solution some drops of aluminium-sol, 
and subsequently shake with ether, the lowermost layer will 
immediately be completely decolourized. 

After having searched in vain for a similar phenomenon in the 
literature to which we had access, we learnt that Wırıstärter had 
observed the same in aqueous colloidal solutions of chiorophyl. He 
prepared them — as we did the analogous lipochrome-solutions — 
by adding a large quantity of water to an alcoholie chlorophyl- 
solution and subsequently evaporating the alcohol in vacuo. He did 
not succeed now in extracting the chlorophyl from the aqueous 
solution with ether. Still the green pigment passed directly over into 
the ether, when he had added a small quantum of an electrolyte 
to the aqueous solution. WırLstÄTTErR did not ascertain whether 
some drops of alcohol had any “liberating” effect. He accounts for 
the action of the salt by assuming that the dispersed chlorophyl- 
particles cannot be reached by the ether. The addition of the 
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eleetrolyte results in salting out the colloid whereby the partieles 
are at first so small that they are invisible to the unaided eye and 
that the fluid seems to be perfectliy elear. Gradually the flakes 
become visible. But even in the phase in which they are still 
invisible, the extremely small particles are accessible to the ether 
and are dissolved in it. 

This interpretation also undoubtedly holds in the phenomenon 
observed by us with the lipochrome, when alkali or Al-sol, are 
added. However, it naturally does not account for the “liberating” 
action of some drops of alcohol, as in that case there is no question 
of preeipitation. The alcohol, if added in adequate quantity, would 
rather change the colloidal solution into a true solution. 

We are unable to account for this phenomenon, but we believe 
it to be analogous to another reaction previously observed by us. 
In studying the bile-pigments we had detected that bilirubin, as found 
in bile and in the blood-serum of patients with obstructive icterus, 
is directly and completely capable of combining with diazonium salts. 

However, when the same reaction is performed in the blood-serum 
of patients suffering from what was formerly called hematogenous 
ieterus, the reaction is retarded and incomplete. On addition of a 
small quantum of alcohol the reaction takes place directly and 
completely. | 

.We cannot but assume that the bilirubin in the serum in the 
case of obstructive ieterus, and in the bile from the gall-bladder, is 
in a different condition from the bilirubin in the serum of patients 
with hematogenous ieterus. In the latter case it would seem that 
the bilirubin particles cannot get in tonch with the diazonium- 
solution, except through the action of small quanta of aleohol. This 
behaviour of bilirubin in the serum from hematogenous ieterus is 
similar to that of lipochrome in cow’s serum. 

The resemblance in the behaviour of an aqueous colloidal solution 
of carotin to that of the native cow’s serum containing lipochrome, 
suggests the idea that, also in the sernm the carotin oceurs in a 
colloidal and analogous condition. However, this seems not to be 
the case, since in the aqueous colloidal solution the lipochrome is 
precipitated by the above-named substances (NaOH, Al-sol, ete.), so 
that it can be extracted with ether. On the other hand, when adding 
these reagents to the native serum, the pigment will not pass over 
to the ether. 

Another remarkable difference between the native serum, Con- 
taining lipochrome and the artifiecial eolloidal solution, is the action 
of light. Earlier researchers detected already that carotin from 
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Daucus carota (subsequent researches proved the same to hold good 
for xanthophyli) exposed to the sunlight, is deeoloured by the ab- 
sorption of oxygen and after some time is completely decolourized. 
With our impure or incompletely purified solutions of pigments in 
alcohol and ether our results varied with the nature of the lipo- 
chrome and the solvent. After a close exposure to the quartzlamp 
the aqueous solutions are almost completely decolourized after 15— 90 
minutes, the interval varying with the nature of the lipochrome and 
of the solvent. Contrariwise the native substances (egg-yolk, carrots, 
cow’s serum) are not decolourized under similar circumstances. It 
is evident, therefore, that with regard to sensitiveness to light, there 
is a difference between the native solutions of lipochromes and the 
colloidal aqueous solutions. 


‚Chemistry. — “The unsaturated alcohol of the essential oil oJ 
freshly fermented tea-leaves.”’ By Prof. P. van RoMBUrGH. 


(Communicated at the meeting of May 31, 1919). 


In 1895 in collaboration with my assistant at that time, Mr. C. E. J. 
LOHMANN, I investigated the ethereal oil from freshly fermented tea'), 
a small quantity of which we were successful in preparing with 
the cooperation of several tea-planters. The yield of this ethereal 
oil is extremely small, fifteen kilograms of the fresh leaves giving 
only one c.c. 

We were able at that time to detect the presence in the oil of 
an unsaturated alcohol (b.p. 153°—155°) of the composition O,H,,O, 
evidently a hexylene alcohol. From this by oxidation an acid could 
be obtained, smelling like rancid butter, the calecium salt of which 
gave on analysis a result which indicated the presence of butyrie 
acid. Lack of material prevented us from determining whether the 
acid formed was the normal or the iso-butyrie acid. Later, shortly 
before my departure from Java, I had the opportunity of obtaining 
a larger quantity of the ethereal tea-oil (about 120 e.c.), which 
enabled me to resume the research and to investigate more in detail 
whether by the oxidation of the unsaturated alcohol one or other 
of the butyrie acids is really formed. A knowledge of the nature 
of the acid is of course of primary importance for the elueidation 
of the structure of this acid. 

After treatment with alkali in order to saponify the methyl sali- 
cylate’) (the presence of which we had demonstrated in 1896) and 
other esters®) possibly present, the erude oil was fractionated several 
times. The largest fractions boiled between 154° and 156° and 
between 156° and 158°. These were mixed and distilled in vacuo; 
the principal fraction boiled at 75°—80° at 28—30 mm. pressure. 

The sp. gr. at 15° was 0.8465; np» 1.43756. 

Elementary analysis gave 71.17°/, C. and 12.74°/, H. The formula 
C,H,,O requires. 71.91°/, C. and 12.10°/, H. 


!) Verslag omtrent den staat van ’sLands Plantentuin te Buitenzorg for the 
year 1895, p. 119. 


2) The same for the year 1896, p. 168. 


3) The salieylic acid isolated was not odourless. The smell resembled that of 
phenyl acetic acid. 
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The liquid was now treated with anhydrous sodium sulphate and 
again distilled in vacno. Further analysis of the product gave, 
however, no better results. (71.08 °/, C. and 12.59 °/, H). 

The unsaturated tea-alcohol forms with avidity an addition compound 
with bromine, as-was previously shown. The quantity of bromine 
added, however, was smaller than is to be expected from a substance 
of the formula C,H,,O, being only 87 °/, of that amount. 

Two fresh determinations gave the following results: 

l. 1.017 grm. of the alcohol in chloroform solution cooled in 
ice-water add 1.363 grm. bromine. 

II. 0.529 grm. add 0.707 grm. 

From these result it appears that only 83.2°/ and 83.5 °/, 
respectively of the caleulated quantity of bromine is added. 

As I suspeeted that the unsaturated alcohol perhaps contained a 
hexyl alcohol as impurity, I attempted to purify a larger quantity 
of ıhe bromine addition compound ') from this by heating in vacuo 
at 100°. A subsequent treatment with zine dust should give the 
hexylene alcohol in a pure state. Since, however, the bromine 
addition product gave hydrobromie acid, I was unable to carıy out 
this intention. 

Treatment of the unsaturated alcohol with phenylisocyanate gave 
no erystallised product. On the other hand «-naphthylisocyanate gave 
an «-naphthylurethane (m.p. 76°), the melting point of which could 
be raised to 80° after repeated recrystallisation from petroleum ether. 

On treatment with phthalie anhydride, the tea alcohol gave a 
liquid acid ester of which the silver salt melted at 140°. 

Oxidation of the tea alcohol with potassium permanganate in 
neutral as well as in alkaline sodium carbonate solution, proceeds 
very smoothly. About 3 c.c. of acid were obtained from 11.5 grm. 
on treatment with 50 grm. potassium permanganate in 4 °/, solution. 
This acid, as before, had a smell resembling that of butyrie acid. 
On distillation of the acid, however, the prineipal fraction, besides a 
small first fraction in which formie acid could be detected, was a 
liquid boiling between 125° and 145°, while the residue in the 
flask consisted of a liquid of higher boiling point with a smell of 
perspiration. The principal fraction, on redistillation, gave a liquid 
of boiling point 140°--145°, which on being boiled with water and 
caleium carbonate was transformed into a calcium salt which was 
found on analysis to contain 21.2 °/, Ca. This result in conjunetion 
with the boiling point of the acid obtained, show that the latter 


1) This does not solidify in liquid ammonia. 
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consists of propionie acid, the caleium salt of which contains 21.5°. 
Ca. On heating the ammonium salt an amide with a melting point 
of 78° was obtained which, on mixing with propion-amide, produced 
no depression of the melting point. 

The hexylene alcohol obtained from tea-oil might therefore be 
hexene-3-01-6 of the formula -CH,. CH,. CH: CH. .CH,.- CH,0H. A 
hexylene alcohol has been obtained by H. Wausaun ') from Japanese 
peppermint oil to which after investigation he attributes the structure 
of a A-y-hexenol. This alcoliol is presumably the same as that extracted 
from tea oil. 

On oxidation with potassium permanganate the ß-y-hexenol gives 
propionie acid as prineipal product. With chromic acid a hexylene 
acid is obtained. The «-naphthylurethane prepared from the alcohol 
melts at 80°, while the melting point of the silver salt of the acid 
phthalie acid ester melts at 126°. On treatment with bromine only 
70 °/, of the quantity required by theory is absorbed. 

It is true that the melting points of Warsaum’s silver salt and 
my own do not agree, but the other properties of the tea-alcohol 
justify the assumption that the latter to a great extent consisis of 
ß-y-hexenol. I am, however, for the moment unable to explain why, 
on oxidation with potassium permanganate, an acid was obtained 
previously, the caleium salt of which contained only 18.6 °/, of 
calecium. The acid on that occasion was not distilled, as the quantity 
available was too small, and may have contained, for example, 
hexylie acid, by which the caleium content of the propionie acid 
formed would be lowered.. Finally it may be possible that the 
heating of the erude oil with alkali in order to remove the methyl 
salicylate, has caused a shifting of the double bond. | 

This research, as well as the investigation of the other constituents 
of the tea-oil, is being continued ?). 


Postscript. 


Since the above paper was communicated, the firm Messrs. 
SCHIMMEL and Co. of Leipsie sent me at my request a small quan- 
tity of the unsaturated alcohol prepared from Japanese peppermint 
oil, for which I desire herewith to express my thanks. The «-naph- 


!) Journ. f. prakt. Chemie, 96, 254 (1917). 


?) The ethereal oil of tea was some time ago the subject of an investigation by 
Dr. Dzuss (Mededeelingen van het Proefstation voor Thee, XLII, 21, 1917). This 
research merely confirmed our own observation that the oil contained an unsatu- 
rated alcohol together with methyl salicylate. 
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thylurethane obtained from this (m. p. 80°) when mixed with that 
prepared from the tea-oil caused no alteration of the melting point. 

The acid phthalie acid ester prepared from it, gave a silver salt- 
melting at 128°. By recrystallisation from aleohol the melting point 
could be raised to 134° (not sharp). With the silver salt prepared 
from the tea-aleohol-it gave a mixture melting at 138°. 

The assumption is thus justified that the unsaturated alcohol 
prepared by me from the tea-oil is identical with the ß-y-hexenol, 
that is, with hexene-3-01-6. 


Utrecht. Org. Chem. Laboratory of the University. 


50 
Proceedings Royal Acad. Amsterdam. Vol. XXIl. 


Physiology. — “A method for the determination of the ion con- 
centration in ultra jiltrates and other protein free solutions”. 
By Dr. R. Brınkman and Miss E. van Dam. (Communicated 
by Prof. HAMBURGER). 


(Communicated at the meeting of October 25, 1919). 
A. Determination of the concentration of free caleium vons. 


With regard to the biological actions of salts the actions of ions 
claim the first consideration. It is therefore desirable that we have 
at our disposal a method by which the ion concentrations are 
measured. 

Up to this only the concentration of the free H’-ions have been 
measured directly; the concentrations of other, also physiologically 
important ions were not measured at all or determined only indirectly 
by caleulation. 

The concentration chain method can be applied only with great diffieulty to the 
physiologically important metals owing to the disturbances brought about by the 
liberation of gas. Drucker !) has offered a method in which Ba-amalgam was used 
as an electrode. An analogous method can perhaps be worked out for the alkali 
metals. Such determinations have, however, not been made as yet. 

As an example of a case where it is necessary to know the ion 
concentration, we can point to the state in which the caleium oceurs 
in the blood. It occurs there namely in three forms: as Ca‘ ion, 
as undissociated calecium salt (Ca (HCO,),) and as colloidal caleium- 
protein compound. More or less 25 °/, of the total quantity of cal- 
cium occurs in the latter state. According to Rona and TakAHAsHI ?) 
the ion concentration of tbe caleium in the serum is determined by 
the equation 

| Ca7.2C0 
[1 

For the serum which has the physiologieal [H'] and carbonie 
acid tension, this means a [Ca] of 20—25 mgr. per L. Of the 
more or less 100 mgr. per L. of caleium which occurs in the serum, 
therefore, only '/, part is present in the ion form. We learn from 


—=k.(k=350 on an average). 


1) Zeitschr. für Elektrochemie 19, 804 (1913). 
?) Biochem. Zeitschr. 49 p. 390. 
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the equation that this. concentration of Ca ions is not directly 
dependent upon the total quantity of caleium; the concentration of 
the physiologically most important part of the plasma caleium is 
thus not governed by the amount of caleium salts present, but by 
tbe concentration of.the hydrogen and bicarbonate ions. 

By means of the method offered by us it is now possible in a 
simple way to measure directly the Ca’ ion concentration. In prin- 
ciple the method can equally well be applied to other ions. 

We started with the determination of the eoncentration of Ca” 
ions, because the results of the determination can in this case very 
easily be controlled by caleulation. 


I. General prineiple of the Method. A few technical remarks. 


If in a binary electrolyte the concentration of the anion — (4, 
that of the cation —= (;, and that of the undissociated salt — (),, 
then, according to the law of mass action, the following relation 
exists 

CA.» k=k. Cu where k is a constant. 

If the electrolyte is only slightly soluble the salt is practically 
completely dissociated and the concentration of the undissociated 
part may be neglected. 

If now the solubility of the slightly soluble salt = A, then 
Ca = (Cr =4, and the product Ca. Ca = 4” has a constant value 
(solubility product). 

If this product and the concentration of one of the ions is known, 
the concentration of the other can therefore be calculated. 

Supposing that the solution has a concentration of Ca’ ions = Ci 
then the concentration of the C,O, ions which can exist free beside 


le 
these Ca’ ions, maximally Zi if P represents the solution pro- 
Ca 


duet of CaC,O,. If now still more C,0, be added, then the CaC,O, 
will be preeipitated or will remain in supersaturated solution. 

If the formation of a supersaturated solution can be avoided, then 
it will be noticed, that, upon the gradual addition of C,O," ions to 
the solution containing Ca’ ions, at a certain moment a slight tur- 
bidity due to CaC,O, results. At this stage the concentration of 
C,0, ions has become so strong that the solubility product is Just 
exceeded. The Ü,O, ion concentration is then known, and also the 
solution product and the Ca” ion concentration can thus be calculated. 
Vice versa, if we start with a known [Ca] we are able to deter- 
mine the value and constaney of the solubility product. 


Where this method is used therefore it is necessary to observe 
50* 
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how great the [C,0,"] is while only the merest sign of turbidity 
due to CaC,O, can be detected. In general it can be «done in the 
following way: 

A series of small tubes, each containing 1 e.c. of a known Call, 
solution, was taken, and to the tubes in succession quantities of 
oxalate solution inereasing gradually with each new tube were added 
with a capillary pipet divided into tenthousandths of c.e. The tubes 
were then left to themselves for from '/, to 1 hour and eonsequently 
it was observed in which tube the first sign of turbidity due to 
CaC,O, appeared. 

It is clear that the formation of supersaturated Cal',O, solutions 
has to be avoided. 

In cases where the solutions held other salts besides (e.g. RINGER 
solution, ultra filtrate) we have never noticed supersaturation. As a 
matter of fact supersaturation occurred in the case of pure solutions 
of CaC,O,. This can be avoided by setting to work in the follow- 
ing way: 

With a capillary pipet the desired quantities of a, say 0.05, N. 
strong oxalate solution is brought into the dry tubes. In a waterbath 
the tubes are evaporated down to dryness. After this the liquid con- 
taining the Ca” is introduced into the tubes. In this way is prevented 
the formation of already supersaturated solutions. 

For the determination of the caleium ion concentration it is 
moreover necessary to use tubes that are well closed with ground 
glass stoppers. This is necessary to keep the water free of carbonie 
acid or to keep a fixed carbonie acid tension constant. 

lt is necessary for the judging of the appearance or non-appear- 
ance of the CaC,O, preeipitate that the tubes should be cleaned as 
thoroughly as possible; this can be done in the usual way (chromie 
acid, ABEa@’s steaming process etc.). 

The best way for viewing the tubes is in a box with a slit in 
the bottom from which the light falls through the solution. Care 
should be taken that the light does not fall on the eye of the observer. 
The Tyndall phenomenon makes it possible to appreciate the slight- 
est turbidity. Should the solution before the experiment already 
evince a slight opalescence (not due to CaÜ,O,) as is sometimes the 
case with serum and ultra filtrate, it is advisable to view the solu- 
tions by red light. The wavelength of this light being too great to 
cause refraction the opalescence is not apparent. The temperature 
during the experiment must of course remain constant. It is therefore 
best to work in a waterbath of constant temperature. 

The results obtained by the above method can be eontrolled in 
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another way still, viz. by measuring tlıe electrical conduetivity of 
the solutions. 

If to a solution containing C' and Cl’ ions, C, O0," and Na’ ions 
be added, then the product Ca X 0,0, cannot exceed the square 
of the solubility of CaC,O,. If too many 0,0, ions have been 
added, then undissociated CaC,O, must be formed. How much 
Ca0,0, will be formed, if the product is exceeded by a fixed 
quantity of C,O,? 

To a binary electrolyte with a solubility A, a salt which has an anion in 
common with the first is added in a concentration x. Through this Ihe solubility 
of the first salt is changed to A’. The total concentration of the anion then 
amounts to A’+x, that of the kation to A’. The solubility product is therefore ; 
A’«(4A’+x), and because this is constant we have: 

A! (A + a) — 4° 
or 


5) =. . 
The quantity of undissociated salt which results when x Mol salt 
that has 1 ion in common with the first is added, therefore is: 


—LUV10 TH 
; 9 ’ A 2 (1) 


if A represents the solubility of the first salt. 

We have now e.g. 5c.c. of an aqueous solution of GaC], . 6 aq., free of CO,, con- 
taining per litre 0.56 millimol Ca” and (2 C/’). To this there is added several times 
successively 0.0050 ce.c. of a 0.05 N solution of Na5C,0,. After every addition the 
conductivity is measured. The Na,6,0, may here be added in solution, for here 
the solution may be supersaturated. 

By means of the first method Ihe value now found for the solubility product is 
0.055. From this it follows that a C,O, concentration of a magnitude 1 millimol 
corresponds to the 0.56 millimol Ga“. Upon every addition of 0.0050 e.c. 0.05 N. 
Na,0;0, to 5 ce. of a solution of CaCl, 6 aq. the 0,0, concentration increases 
by 0.25 mm. After 4 additions therefore the solubility produet is reached. What is 
the relation between the total concentrations of ions during these additions? 

For the first addition the total ion concentration is 

0,56 millimol Ca’ + 0,56 m.m. (2 C]”) = 1,12 m.m. 


After the first addition of 0.025 mm. Na5(%0, 

0,56 Ca’ + 0,56 (2 Cl”) + 0,025 50, + 0,025 (2 Na”) = 1,17 m.m. 

Thus ihe total ion concentration after the 2nd addition is 1.22 ım.m., after the 
3rd 1.27 mm. and after the 4th 1.32 m.m. Upon the 5th addition the solubility 
product is exceeded. According to the deduced formula (1) the amount of undis- 
socialed CaCO, formed = 
— 0,025 # V4 x 0,055 -+ 0.025? 

2 


The total ion eoncentration becomes thus after the 5th addition 


Abe 


A 


— 0,0115 mm. 


v 0,055 — 
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1.32 m.m. + 0.025 030,” + 0.025 (2 Na”)— 0.0115 Ca"—0.0115 630,” = 1.347 m.m. 

The total concentration of ions therefore does not increase by 0.05 mm but 
only by 0.027 mm. 

With the 6th addition we get a value for the undissociated GaQy0, of: 

0,050 +V 4x 0,55 + 0,05 
2 

The total concentration of ions after the 6th addition is 1.372 m.m., the increase 
is 0.025 mm. 

After the 7th addition it is found, calculated in the same way, that the total 
eoncentration of the ions is 1.402, the increase 0.03 mm, 

It appears thus that the ion concentration with the first 4 additions 
incereases regularly by 0.05 m.m. From the 5!" addition onward, 
however, it inereases only by 0.025 to 0.030 m.m. If now the 
electrical conductivity be examined after every addition it must 
appear to increase also in analogy with the increase of the total 
concentration of ions. Should it be found now that after the first 4 
additions the conductivity increases only by half of the original 
value, then it is a proof that the true value has been found for the 
solubility product. 


— 0,024 mm. 


v0,055 — 


ll. Determination of the concentration of Calcium ions in a solution 


of pure CaÜl, 6 ag. 


In 8 tubes with ground stoppers are brought respectively 0.0010, 
0.0015, 0.0020, 0.0025, 0.0030, 0.0035, 0.0040, 0.0045 c.c. of a 
0.05 N solution of Na,C,O,. Consequently the tubes are placed in 
a waterbath for some time till the oxalate solutions are evaporated 
down to dryness. Hereupon into each tube there is introduced 1 e.c. 
of a CaÜl, 6 aq. solution which contains 125 mgr. per L. After an 
hour the result is observed. 


The solution of CaCl,.6 aq. was made from a chemically pure substance (The 
British Drug Houses); the strength of the solution was contralled by chlorine 
determination. The salt was dissolved in carefully boiled distilled water. All obser- 
vations were made in small tubes of 2 cc. contents with ground stoppers. 

The Na,C,0, solution was made from pure Na,0,0, after SörEnsen (KAHLBAUN). 


It contains no water of crystallisation, is not hygroscopie and is not affected by 
temperatures below 200°. 


It appears that the first 6 tubes have remained perfectly clear but 


that the tubes with 0.040 and 0.045 e.c. oxalate solution show a 
faint turbidity. 


The solubility product was reached thus, if, on an average, 0.0375 c.c. 
N 
50 Na,0,0, solution was added to 1 e.c. ofa solution of Call, 6.aq. ; 
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the CaCl, 6 aq. solution contained .125 mgr. CaCl, 6 a0.02.0,97 
millimol Ca“ per L. 

The concentration of oxalate, therefore, was 0.095 m.m., the 
solubility product is found to be 0.095 x 0.57 — 0.054 mm. per L. 
The temperature during all the experiments was 20°. Table I gives 
the results of a series of such experiments. 


TABLE I. 
EEE EEE BEER 


een wu ey any Boat 
show just a precipitate. 
a en A N FO) MAD ET 
0.57 millimol. 0.095 m.m. 0.054 
0.55 5 0.095, 0.052 
0:38 „ 0.15 „ 0.055 
TEST az 1 0.054 
042877 0.207, 0.056 
028,4 ER 0.056 
0:10, 5 0,54 5 0.054 
1.00 " 0.056 „ 0.056 


From tbis table it appears thus that, with solutions of pure CaC], 
6 aq. of different strengths, a constant solubility product of CaC,O, 
is found, namely 0.055 mm. per L. 

Let this value now be controlled by the measurement of the 
electrical conductivity as it is described above. 

The conductivity was determined in a “resistance vessel” according to HAMBURGER. 
The method is found described in Osmot. Druck u. Ionenlehre Bd. 1, pag. 98. The 
temperature was constant at 25°. 

To 5 c.c. of a solution of GaCl, 6 aq. which contained 125 mgr. per L., repeated 
additions of a 0.05 N solution of Na,0,0, were made. Subsequent to every 
addition the conductivity was measured after it had become constant. 

The resistance of the pure CaCl, 6 ag. solution was 

8.709 x 2000 C Ohm (C = capacity of the resistance vessel). 

Table II gives the decrease in the resistance after every addition 
of oxalate solution. (See Table following page). 

It is observed that after the 4th addition of oxalate the decrease 
in resistance is diminished to less than the half. With the 4!" addition, 
therefore, the solubilityproduet was reached. The C,O, concentration 
then was 0.1 millimol the Ca” concentration 0.56 millimol and the 
product thus 0.056 millimol. 
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TABLE Il. 
RR 
Composition of solution. | Resistance. Decrease in resistance. 
En 
| | 


5 cc. CaCl, 6aq. | 8.709xX 2000 c.Ohm _ 
5 cc. CaCl,6aq.+0.005 cc. Na,C.0, 8.452 X 2000 c. Ohm | 0.257 X 2000 c. Ohm 


5 cc. CaCl, 6aq.+0.010 cc. Na,C;0, 8.200 X 2000 c. Ohm | 0.252 X 2000 c. Ohm 
5 cc. CaCl, 6 aq.+0.015 cc. Na3C50, 7.929%X 2000 c.Ohm | 0.271 x 2000 c. Ohm 
5 cc. CaClz 6 aq.+0.020 cc.Na2C;0, 7.696 X 2000 c. Ohm 0.233 X 2000 c. Ohm 
5 cc. CaCl, 6 aq.+0.025 cc. Na,C,0, 7.600%X 2000c.Ohm ' 0.096 X 2000 c. Ohm 
5 cc. CaCl, 6 aq.+0.030 cc. N2,C;0, 7.500%x 2000c.Ohm | 0.100 X 2000 c. Ohm 


5 cc. CaCl; 6 aq.+0.035 cc. Na3C;0, 7.410X 2000c.Ohm | 0.090 X 2000 c. Ohm 


Subsequently more determinations of a similar kind were made 
by us, which always gave a result of 0.053—0.58, — a mean of 
0.055 — for the solubility product. 

Here it must be remarked still that it cannot be expected that 
the solubility product will just have been reached at the end of an 
addition; the mean value, therefore, has to be taken. 

There is still the possibility that the decrease in resistance came 
about because the oxalate added in such large quantities did 
practically not dissociate completely; the way in which the decrease 
would take place then would not be such a sudden one. To control 
this the same quantities of oxalate were added to 5 e.c. of distilled 
water; the conductivity kept increasing proportionally to the quan- 
tities added. 


We have now found by two methods which are independent of 
each other the constant value of 0.055 m.m. for the solubility 
product, when Ca’ and 0,0," ions are added together. 

The solubility of CaC,O, has been found by Kousrausch to be 
4.35.10 Mol per L. (18°); the solubility produet caleulated from 
this is 0.0019 m.m. per L. and this is much below the value found 
by us. 

KoHLRAUSCH measured the conductivity of a saturated solution of 
CaC,0O,; he therefore did not start out from the individual ions. 

' Herz u. Mens‘) found by adding together the ions a value of 
0.034 gram per L. for the solubility of CaC,O, from which follows 


\) Ber. 36. 4, p. 3717. 
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a solubility product of 0.054. This product thus agrees perfectly 
with ours. 

The determination of Hurz v. Muns and our own determinations, 
by two methods, show thus conclusively that we have to reckon with a 
solubility product of-0.055. 


Ill. Determination of the concentration of Ca” ions in solutions 
which hold other salts besides. 


1. The concentration of Ca’ ions of 0.02°/, CaCl, bag. in 0.5°/, Na. 


For the system CaCl, Z Ca + 2 Ci’ the following also holds: CaCl, Z K Ca” C1*. 
K can be found if the degree of ionisation x of a given CaCl, solution is known. 
For CGa(NO;), 0,1%, (=6m.M. per L.) « is 0,67 }). 

We have therefore 

[Ca(NO;),] — & [CalNO;),] = K «& Ca’ «2 (NO;)? 
or because 
[CaNO,] = [Ca ] = [NO;] = 6 m.M. per L. 
1 — 0,67 = K X 0,673 (NO;)? 
£ 1 — 0,67 = K X 0,673 X 0,036 
K=380. 

This is therefore the dissociation constant for Ca(NO;),; that for GaCl will 
- differ very slightly from it. 

For 0,02°/, CaCl, 6aq. or 0,91 millimol per L., in 0,5°%/, NaCl also holds: 

[CaCl,] = K Ca’ 11”. 

The conc. of Cl’ is given by the dissociation of 0,5°%/, NaCl. Here & = 0,82 
(Osmot. Druck u. lonenlehre, p. 53); [C/’] thus becomes 7 m.M. In addition to 
this there is still [C/’] of 0,91 m.M. CaCl,, + half of which we may consider to 
be dissociated without committing a large error. The total [C/] then becomes 
+t8m.M. 

Thus 

CaCl, = K (0,91 — CaCl,) 0,064. K=30. Cal; = 0,60 m.m. 

Of 0,91 m.m. CaCl, thus 0,06 m.m. is not dissociated while 0,31 m.m. is disso- 

cialed. The solution therefore contains 12,4 mgr. free Öa” per L. 


Experimentally it appears that an oxalate concentration of 0.18 
m.m. is necessary before turbidity results in a solution of NaCl 
0.5 °/, + Call, 6 aq. 0.02 °/,. From this follows a |Ca’] of 
— 0.055: 0.18 = 0.30 m.m., or 12 mgr. per L. This determination 
thus is perfectly in correspondence with the calculation. 


2. Determination of the concentration of Calcium ions in physio- 
logical salt solutions. 

In a solution of the composition: NaCl 0.7°/,, NaHCO, + 0.18°,,, 
KCI 0.02°/, and CaCl, 6 aq. 0.040°/,, with a certain carbonic acid 


i) Osmot. Druck u. Ionenlehre. I, p. 53. 


770 


tension which was not exactly known, the concentration of hydrogen 
ions was 0.3.10-7 (determined with neutral red after SÖRENSEN) and 
the eoncentration of biearbonate ions 0.02 N (determined by titration 
with 0.01 N. HCl and methyl-orange). 

From this follows for the concentration of Caleium 


nel, 
ee, 


Experimentally a CaC,C, turbidity resulted with a concentration 

0.1 millimol oxalate. From this follows a 
Ca! [of 05055 -0,1= 0,55.m.M. = 2323’mgr.’ per L: 

In a similar solution in which the [H'] however was 0.45.10" 
and the [HCO,] = 0,02N., the CaC,O, milkiness was seen with 
:C,0,5]:=0,07m,m: Thus: 

Ca’ 5] —= 0.055: 0.07 = 0,8 nı.m. = 32 mgr. per L. 
0,45 . 107 
0,02 


— 20 mg. per L. 


From the caleulation [Ca’ | = 350 m.m. — 30 mgr. 


per L. 


3. Determination of the concentration of caleium in ultra filtrate. 


Human serum was centrifuged for 2 hours in ultra filters after 
DE Waarn !). CO, was passed througlı the ultra filtrate until 
[H]=0.3.10-7. (This was ensured by comparing the colour of 
neutral red in the ultra filtrate with neutral red in a phosphate 
mixture, according to SÖRENSEN, which had an [H'] = 0.3.10). 

A preeipitate of CaC,O, occurred with a [C,0,"] of 0.1 m.m. 
per L. From this follows a [Ca] of 0.55 m.m. or 22 mgr. [Ca’] 
ions per L., as.has also been made probable by Taxanuasnı and Rona. 

An attempt to apply these measurements directly in serum often 
fails because the turbidity due to CaC,O, is very much less evident, 
and the opalescence which normally oceurs so often in serum is a 
drawback. 

In the limited number of instances where we could notice a 
definite turning point the same concentrations of Ca’ ions as in 
ultra filtrate were found. 

As a rule, however, it is necessary where serum determinations 
have to be made to make ultra filtrate, which, after pk WaARD, is 
very simple. 


l) Arch. Neerl. de phys, 2 530 (1918). 


rl 
Summary. 


A simple method is described by which it is possible to measure 
the concentration of Ca ions in a solution of a mixture of salts 
e.g. ultra filtrate. 

The method is based upon the following principle: 

To a solution eontaining Ca there are added so many C,0," ions 
till the solubility product of Ca,C,O, is just reached. The juncture 
at which so many (,O, ions are added that this produet is just 
exceeded, is ascertained by the appearance of a slight milkiness due 
to CaC,O,. It does not matter whether in the mixture of salts there 
are present other ions still that can give a precipifate with oxalate. 
It is only necessary that CaC,O, should be the most insoluble sub- 
stance which can result in the solution. 

The method is correet to 2—3 mgr Ca’ per L. The value of 
the solubility product was tested by the measurement of the 
electrical conductivity of the solution. 

The prineiple of the method can likewise be applied for the 
determination of other ions. The only condition is the disposal of 
a reagent that gives a salt which is very slightly soluble with the 
ion whose concentration has to be measured. 


Physiological laboratory of the 
Unwersity of Groningen. 
September 1919. 


Geology. — “On the Crustal Movements in the region of the curving 
rows of Islands in the Eastern part of the East-Indian 
Archipelago”. By Prof. H. A. Brovwsr. (Communicated by 
Prof. G. A. F. MoLENGRAAFF). 


(Communicated at the meeting of November 25, 1916). 


Of late years various explorers ') have pointed out a resemblance 
in the teetonie structure of the curving rows of islands of the 
Moluccas and that of many curving chains of Alpine structure. Large 
overthrusts formed down to the miocene, have been discovered in 
various islands and the zone, characterised by overthrusts, is bordered 
on the outside by a region, in which the mesozoie and tertiary 
deposits are slightliy or more intensely folded, but no overthrusts 
occur. Actual facts seem to indicate that in the eurving rows of 
islands of the Moluccas may be distinguished: 

1. A zone characterised by overthrusts (Timor-Ceram row of 
islands). 

2. A marginal zone without overthrust-teetonie (Sula-islands— 
Misool, Western New Guinea south of the Mac Cluer bay and probably 
also the Kei-islands). 

3. An inner zone with the young active volcanoes. 

4. A zone Iying between 1 and 2 of older volcanie rocks (North 
coast of Netherlands-Timor, Wetter, Ambon, peninsula of Huamual 
in South-Western Oeram and Amblau). 

We will now pass in review the features of these zones. 


General situation and origin. 


If the sea-level in the East-Indian archipelago were to subside 200 
m., Sumatra, Java and Borneo would form one mass of land with 
{he peninsula of Cambodja and Siam, just as Australia with the 
Aru-islands, the vast tract now occupied by the shallow Arafura-sea 


!) J, WAnNER. Geologie von West-Timor. Geol. Rundschau. Bd. IV. 1913. S. 136. 

G. A. F. MoLENGRAAFF. Folded mountain chains, overthrust sheets and block- 
faulted mountains in the East Indian Archipelago. Compte Rendu du XIle congres 
geol. internat. Toronto 1913, p. 689. 

H. A. BROUweER. On the Tectonies of the Eastern Moluccas. Proc. Kon. Ak. 
v. W. Amsterdam. Vol. XIX. N. 2, p. 242—248. 
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and the bay of Carpentaria, New-Guinea and the islands of Misool, 
Waigeu, Batanta, Salawati, west of it. 

Between those two landmasses lies an area in which deep sea- 
basins alternate with upheaved islands. The region of the ceurving 
rows of islands (the Timor-Ceram row and that of the young active 
voleanoes) considered by us, presents an aspect. similar to that which 
parts of the geo-synelinal of tbe Mediterranean region must have 
presented in some part of the mesozoic period. 

In the Jurassie period several geo-anliclines were formed in the 
latter region, which divided the original geo-syneline into a number 
of secondary geo-synclines and in connection with the parallelism 
between the direction of the (more recent) alpine mountain ranges 
and the axes of these mesozoic geo-synelinals, Haug!) thinks it legi- 
timate to assume that the formation of these mesozoic geo-synclines 
is due to beginning mountain-building movements. MOoLENGRAAFF ?) 
assımes on the ground of different features of the curving rows of 
upheaved islands of the Moluccas and of the adjacent deep sea-basins, 
that these islands have originated in the same way. 


The outlying position of the Tenimber islands. 


If we imagine the islands to the east of Timor (Letti, Moa, Lakor, 
Luang, Sermata and Babber) joined by a curve to the islands south- 
east of Ceram (Drie Gebroeders, Kur, Teor, Kasiwui, Gorong and 
Ceram Laut) the islands of the Tenimber ‘group will be seen to lie 
outside this eurve. This curve is e.g. also found on map N’ 1 of 
VeErBERK’s Molukken Verslag ’), on which the Tenimber islands and 
the Kei-islands are Iying outside his “belt of older rocks”. 

Now it is striking, that in the Sahulbank, which constilutes the 
submarine continuation of the Australian block — ti. e. the “ Vorland” 


1) E. Have. Traite de Geologie. II, p. 1127. 

2) G. A. F. MOLENGRAAFF. On recent crustal movements in the island of Timor 
and their bearing on the geological history of the East-Indian Archipelago. Proc. 
Kon. Ak. v. Wetensch. Amsterdam. June 1912. 

s) R. D. M. VERBEEK. Molukken Verslag. Jaarb. v. h. Mijnwezen 1908. Wetensch. 
Ged. Atlas. Kaart 1. 

See also: A. WıcHMmAnn. Gesteine von Kisser. Jaarb. v. h. Mijnw. 1887, p. 120 
and Samml. des Geol. Reichsmus. in Leiden. (The curving row of islands, 
separating the Banda Sea from the Arafura Sea is also here represented as a 
mountain range). Ibid. Der Wawani auf Amboina und seine angeblichen Ausbrüche. 
Ill. Tijdschr. Kon. Ned. Aardr. Gen. XVI. 1899, p. 109. 

K. Marrın. Die Kei Inseln und ihr Verhältniss zur australisch-asiatischen Grenz- 
linie. Tijdschr. Kon. Ned. Aardr, Gen. VII. 1890, p. 241 fi. 
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against which the overthrust mountain chain 15 pushed up — a 
depression occurs just opposite the Tenimber islands. 

We know that the shape of the folds of several mountain-chains 
is influenceed by the resistance of the “Vorland”. This also holds 
for the folds to which the formation of the uplifted eurving rows 
of islands and the alternating deep ocean-basins have been aseribed 
above, and then we can compare the bending of the Timor-Ceram 
curve near the Tenimber-islands with the pushing forward of the 
Penninie overthrust sheets of the Alps in the lower parts of the 
hereynian mountains, against which they were pushed up (as 
between Mont Blanc and the Aar-massif). 

Behind the parts of greatest resistance of the “Vorland”, the 
tectonice axes at a deeper level, and the islands at the surface will 
rise higher; this need not be, but may be, the reason why the 
Tenimber islands are not uplifted so high above the sea-level, as 
Timor is. 

The Tenimber islands have been considered by us!) to belong to 
the overthrust mountain-range, and if the mountains on the South 
Coast of Timor, characterised by an imbricated structure with a 
uniform dip to the north-north-west, are autochtonous ?), the over- 
thrust mountain-range must in all likelihood also have been bent 
at the site of the Tenimber islands. 


The outlying position of the Kei-islands. 


The Kei-islands are like the Tenimber-islands situated opposite a 
depression in the region covered by the shallow Arafura Sea, and 
their outlying position can be explained in a similar way. Along 
the north coast of Groot-Kei the terraces of miocene limestone are 
surrounded by a younger and lower (probably quaternary) coral- 
terrace, while the terraces of miocene limestone in the southern 
part of the island are found down to the sea level. This points to 
an intenser uplift of the northern part of the island in post-tertiary 
time and this may, just as the outlying position, point to the 
persistence of erustal movements similar to those which gave rise 
to the overthrusts of the Timor-Ceram row of islands. The northern 
part of the island, namely, lies just opposite a protruding point of 
the depression in the region covered by the Arafura sea, and opposite 
this more resistant part of the “Vorland” the teetonie axes at a 
deeper level and the islands at the surface will be more elevated. 


- 1) H. A. BROUWER. loc. eit. 
2) G. A. F. MOLENGRAAFF. Folded mountain chains etc., loc. :cit.; p. 691. 
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The large island of Jamdena of the Tenimber-group consists — at 
all events in part — of mesozoic rocks. As regards the Kei-islands 
we found there only in one spot of small extent near the east coast 
amidst limestones of eocene age mica sandstone and ferriferous rocks, 
strongly resembling mesozoie rocks. ‘) 

The eocene in Groot-Kei is not folded intensely; the miocene is 
not folded at all.”) More to the west the strata seem to be folded 
more intensely, for in a new island near Ut (Klein-Kei-group) 
contorted, about vertical strata of probably eocene limestone were 
found. The teetonie relation of the above-mentioned mica sandstone 
and ferriferous rocks to the widely spread tertiary limestones and 
marls in Groot-Kei, has not been explained yet, neither is it possible 
yet to fix the eastern limit, once reached by the overthrusts of the 
_ Timor-Ceram eurve near the Kei-islands. Perhaps here also the 
overthrust mountain-range has already made an outward bend; 
the old-miocene of Groot-Kei however lies about horizontal. 


The Aru-islands. 


These islands form a small elevation inside and near the border 
of the traet which we consider to be the “Vorland”. They may 
perhaps also be considered as bulges similar to those which are 
elsewhere believed to result from the pressure to which the most 
exposed part of the “Vorland’” is subjected. 


On the occurrence of rocks older than Permian rocks. 


In the Western Alps the central parts of the chain are formed by 
a series of autochtonous massifs (Mercantour, Montblanc, Aar Massif 
and others) which belong to the ancient hereynian mountains. Part 
of the overthrust sheets was pushed over these massifs and deposited 
north of them. For Australia the equivalents of the hereynian folding 
of Europe are known, but nothing is known for certain in this respect 
for the eurving rows of islands under consideration. In the large 
island of Timor, which has been pretty well explored, we have no 
certainty about older rocks than those of Permian age, and MOLENGRAAFF 
says about this island: “The Fatu sheet is like the Tethyssheet, 
composed of rocks ranging in age from Permian to Eocene and 
probably to Miocene’”. . 

Indeed, so-called “old slate rocks” occur in numerous islands. 


') H. A. BRouwer. Geologische verkenningen in de oostelijke Molukken. Verh, 
Geol. Mijnb. Gen. 1916, p. 47. 


?) R. D. M. VeRBEEX. Molukken Verslag. loc. cit., p- 501, 


WET. 


VERBREK supposes!) that Archean as well as old-Palaeozoie rocks 
occur among them. But, for reasons, which have been expounded in 
other papers we feel justified in assuming that these rocks — in 
part at least — are of younger date. °) 

When confining "ourselves to the island of Timor, the available 
data seem to bear out that the older massifs, constituting the base 
of the Tethysgeosynelinal, have not, at all events not here, been 
raised sufficiently by the folding process to be denuded through the 
erosion, to which that portion of the overthrust mountain range 
that had been lifted up above the sea-level, was exposed for a long 
time. 

This must have been the case also in an earlier stage in the 
region of the Alps, when in the middle-mesozoic period the Tethys- 
geosyneline was divided into different geosynclines and geoanticlines, 
with partial emersion of the latter. 


Prolongation of the curve west of Timor and wesi of Ceram. 

The island of Roti may be considered as a direct continuation of 
Timor; we find there rocks of the same kind and various facts 
point to a similarity in the tectonie structure®). Similar rocks are 
also found in Savu, but Sumba presents a totally different structure; 
not a vestige of the intense miocene foldings is found here. That 
the prolongation of the overthrust mountain-range does not proceed 
over Sumba is not surprising in connection with the contour of the 
“Vorland”. South of Timor the limit of the Australian block bends 
southward, so that Sumba lies further from the “Vorland’” and 
consequently assimilates itself more to the more northern row of 
the Sunda islands. 

With respect to the prolongation of the curve west of Üeram 
Marrın believes that vast overthrusts possibly also oceur in Buru‘). 

The elliptical “belt of ancient rocks’ indicated by VERBEEK on 
Plate I in his Molukken Verslag, diverges from Buru in south- 


ı) R. D. M. VERBEEK. Molukken Verslag, loc. cit., p. 738. Verslagen der Afd. 
Natuurk. DI. XXV, 1916/17. 

2) Comp. H. A. Brouwer. Geologisch Overzicht van het oostelijk gedeelte van 
den Oost-Indischen archipel. Jaarboek Mijnwezen in Ned.-Indie. 1917. Verh. Il, 
p. 33—35. 

Devonian rocks with Spirifer Verneuili occur in Üelebes (H. A. BROUWER. 
Devonische afzettingen in den O.-I. archipel. De Ingenieur. 29 Nov. 1919). 

s) H. A. Brouwer. Voorloopig Overzicht der geologie van het eiland Rolti. 
Tijdschr. Kon. Ned. Aardr. Gen. XXI. 1914, p. 611. BE 

#, Ci. G. A. F. MoLENGRAAFF. Verslag betreffende de wenschelijkheid etc. 
Tijdschr. Kon. Ned. Aardr. Gen. XXXI. 1914, p. 369 ff. 

51 
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western direction, but we cannot find sufficient evidence to look in 
this direetion for the continuation of the Timor-Ceram row ofislands. 
Horz') reports {he occurrence of rocks in the western part of the 
eastern peninsula of Celebes, which show a great resemblance to 
rocks, widely spread in Buru (Marrın’s Buru-limestones) while also 
the teetonie structure becomes more complicate than that of the 
eastern part of the east arm, where, as in the Sula islands, simpler 
tectonie relations prevail. This, however, does not eonvince us even- 
tually of a prolongation of our overthrust mountain-range. 


Curve with the young Volcanoes. 

The young volcanoes of the Banda Sea are joined by VERBEEK 
by an ellipse of which only one half embraces volcanoes, no voleanoes 
being known on the northern half between Banda and the Ge® Api, 
north of Wetter. This ellipse runs concentrically with VERBEEK’S 
elliptical “belt of older rocks”. In my opinion, we may as well 
assume that tbe volcanie islands rest upon a submarine ridge, which 
forms the continuation of the rows of islands to which Sumbawa 
and Flores belong, and which bends round considerably past Banda 
in the direction of the Siboga ridge with the Schildpad- and Luci- 
para islands and the G8 Api to the north of Wetter. On this sup- 
position the Banda Sea would be encircled by two ridges, running 
concentrically wide apart, but the inner ridge bending sharply 
towards its termination. 

Additionally we are able to record here, that between the Timor- 
Ceram row and the row of the young volcanoes, another zone seems 
to exist with a certain autonomy. We mean a zone of older volcanie 
rocks, having many features in common and oceurring near the 
north coast of Dutch-Timor, in Wetter, in Ambon and in the 
peninsula of Huamual in South-West-Ceram. Then a very consider- 
able portion of this zone would be covered by the sea. Among these 
voleanie rocks are serpentine breccias and serpentine conglomerates, 
tuffs, rhyolites, and andesites. Peculiar andesitic to basaltie rocks 
' with glassy crusts, reminding us of the “pillowy lava” of Mullion 
Island and the upper-Devonian “Wulstdiabase” of the Westerwald 
occur in all localities. Their typical structure is indieative of 
submarine origin; the origin of such structures was observed by 
ANDERSON?) where the lava of the new volecano Matavanu in Savail 


EN AN Horz. Vorläufige Mitteilungen über geologische Beobachtungen in Ost- 
Celebes. Zeitschr. d a. geol. Ges. LXV. 1913. Monatsber. NV, 6, 9::329; 
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(Samoa islands) reaches the sea, and also for the rocks of Mullion 
Island, which occur together with sediments with radiolaria Tanz ') 
assumes a submarine origin. 


Comparisons with the Alps. 

Although the geology of. the region under discussion is as yet 
known only in broad outlines, it is permissible to conclude from 
the results of the inquiries of the last few years that the erustal 
movements bear some resemblance to those by which other eurving 
alpine mountain ranges were built up, to witness the known over- 
thrusts in an outward direction everywhere in the Timor-Ceram 
curve and the adaptation of the folds to the shapes of the “Vorland’””. 
Additional data that are being collected, prove this resemblance to 
be beyond dispute. 

We know that the folded curves of mountains of the Mediter- 
ranean region correspond to the geosynclinals accumulated by bathyal 
sediments in the mesozoie and in the beginning of the tertiary period. 

The jurassie and the cretaceous deposits reach a considerable 
thickness there, their horizontal extent is very large, fossils of the 
neritic zone are rare; all these characteristics are wanling in: the 
generally little disturbed deposits of the same age outside the region 
of the alpine mountains. For the sake of comparison we point to: 
the striking resemblance of the triassie to the jurassie and perhaps 
even younger deposits of tbe deep-sea, covering a vast extent in 
islands of the Timor-Ceram curve (Roti, Timor, Buru) which are 
situated far from each other, while different reasons justify the 
assumption that in that time an open sea connected the region of 
the East-Indian archipelago, the Himalaya and the Alps’). The in- 
vestigation of the permian fauna of Timor also teaches us that the 
Tethys geosynclinal extended already in permian. time from the 
Mediterranean Sea to the region of our Archipelago and a conform- 
able succession of perm and trias seems to be the rule. The fact 
that permian deposits are as yet known only in the southern islands 
of the Timor-Ceram row of islands, goes to show that in that time 
the sea covered a smaller area in the eastern part of our Archipelago 
than in mesozoic time. 

In the Mediterranean region the hercynian erustal movements 
were no longer distinetly perceptible already towards the end of 


1) J. J. H. Tear. On greenstones associated with radiolarian chert. Trans-Royal 
Geol. Soc. of Cornwall 1894. 

2) G. A. F. MOLENGRAAFF. L’expedition n&erlandaise a Timor en 1910—1912. 
Arch. Neerl. des Sciences exactes et nat. 1915, p. 395 seqgq. 
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the permian and in the triassic period this movement does not receur. 

What we do observe at the site of the future intensive tertiary 
folds, is the formation of geosynelines, in which tbe bathyal trias is 
deposited. In the jurassie period different geosynclines and geoanti- 
elines were formed whose course has been reconstrued by Have ') 
with the aid of stratigraphical data and by removing the deposits 
of the overthrust sheets to their original site. In the formation of 
these geoanticlines some parts may rise above the sea-level, which 
will eause rows of islands and also (under favourable cireumstances) 
coralreefs to be formed, such as we know now in the eastern part 
of the East Indian archipelago. Have (loc. eit. p. 1126) says of the 
geanticlinal brianconnais: “La zone axiale du Brianconnais et la 
nappe superieure des Prealpes, qui a sa racine dans son prolonge- 
ment, sont caracterisdees par un Lias corralligene ou tout au moins 
zoogene, faisant quelquefois defaut, par des couches A Mytlus, 
representant le groupe Oolitique inferieur, et par du Tithonique 
coralligene. Ces formations neritiques indiquent la presence d’une 
cröte sous-marine, voire d’un chapelet d’iles, correspondant A un 
nouveau geantielinal”. In the cretaceous period intensive erustal 
movements took place in most of the geanticlines, from which 
resulted partial upheaval above the sea-level, as is borne out by 
lacunae in the series of cretaceous deposits. Already in old-tertiary 
time real mountain ranges in the geographical sense were formed, 
while chiefly in the neogene the high mountain ranges arose, such 
as the Alps and the Himalaya. 

We do not purpose to make a reconstruction of the aspect ofthe 
Tethys-geosyncline, as it was, during the mesozoic period, in the 
region of the East-Indian Archipelago. Suclı a reconstruction must 
be incomplete, since a considerable portion of the region is covered 
by the sea, so that our knowledge of it is little as yet. The Alpine 
geologist will in this respect always have the advantage not only 
in that the structure in the deep erosion valleys is much ‘more 
denuded, but also because several continuous parts of the mountain 
range can be compared with each other. 

On the other hand Arcanp?) has already pointed out, that the 
study of the rows of islands of Eastern Asia and Oceania teaches us 
what the condition may have been of Alpine mountain ranges with 
a similar distribution of land and water in earlier periods. We can 
compare the curving rows of islands of the Moluccas with the con- 

!) E. Have. Traite de Geologie. II, p. 1125. 
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dition of the Western Alps in their development in the Jurassie 
period, as described by Arsann''). Also here we see two geanticlines 
and a “Vorland” separated from each other by geosynelines. In the 
Jiias the formation of the geosynelines and geanticlines is more 
accentuated, which continues down to the middle-jurassic, the gean- 
ticlines above the sealevel. having disappeared. In the Upper-Jura 
this is followed by a moderate submersion, after which in eretaceous 
times the intense erustal movements begin, which reach their maxi- 
mum in the tertiary period. The overthrust sheets moved in the 
direction of the “Vorland” and eventually were pushed over it; the 
sea-basins of the anticlines are moving down gradually and at last 
disappear altogether. 

Öseillations, such as occurred in the jurassie period in the Alps 
‚and to which we have alluded above, are also known to us in the 
eurving rows of islands in the Moluccas. The formation of the 
overthrusts was followed by a long period of denudation, then a 
submersion and deposition of sediments, which was followed again 
by upheaval above the sea-level. 


SUMMARY. 


The outwardly directed overthrusts to be observed everywhere in 
the Timor-Ceram curve mark the action of a tangential pressure, 
which caused the sediments, deposited in this region in mesozoic 
and tertiary until the beginning of miocene time, to be pushed in 
the direction of the “Vorland” and to be raised above the sea-level. 
The subsequent submersion may be accounted for by a temporary 
decrease of the intensity of the tangential pressure. The character- 
istics of the now appearing rows of rising islands and of the 
alternating sea-basins point to a recurrence of the crustal movements 
and do not clash with the assumption that these movements occur 
again in the direction of the “Vorland’” and that consequently the 
rows of the uplifted islands indicate the spots where at greater depths 
the folding process continues with a tendency ‘to form overthrusts. 
In this connection we refer once more to the outlying position of 
the Kei-, and Tenimber-Islands opposite the depressions of the “Vor- 
land” and the stronger uplift of the northern part of Groot-Kei. 

As the movements proceed the uplift of the rows of islands (with 
alternate intervals of temporary subsidence through decrease of the 
intensity of the tangential forces) will be accompanied by a shifting 


ı) E. Ardanp. La formation des Alpes oceidentales. Eelogae Geol. Helv. Vol. XIV. 
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in the direction of the “Vorland”, the sea-basins will narrow and 
eventually the masses of the present rows ofislands.will be deposited 
on the site of the preserıt Australian continent, a stage which e.g. 
was reached long before in the Alps. The bend in the inner curve 
i.e. that of the active volcanoes, as assumed by us, will widen and 
lengthen in eonsequence of the ontward pressure in all directions. 
The same holds for the Timor-Ceram curve. 

In eonelusion we will compare tbe way in which the volcanie 
rocks of the inner eurve of islands occur with that of the voicanie 
rocks encountered at {he inner side of the Timor-Ceram row of 
islands. 

A very considerable portion of the produets of the young vol- 
canoes is now deposited under the sea and we saw that part of 
the older volcanie rocks alluded to, evince characteristics indieative 
of a similar formation. Tbe inner curve, less elevated than the outer 
one will rise higlıer above the sea-level as the erustal movements 
are prolonged. When the volcanie deposits, which at this day are 
still Iying far below tbe sea, will be lifted up above the sea-level, 
they will perhaps have been folded already by the same crustal 
movements and will already have been uplifted or overthrust. When 
these deposits become visible at the coast, erosion has for a long 
period already been affecting the volcanie cones and the volcanie 
products Iying farinland; they may even have disappeared completely 
through erosion. It appears, therefore, that the volcanie rocks will 
oceur in the inner row of islands in the same way as now in the 
outer row. 


